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(§) Disclosed is a trehalose-releasing enzyme which specifically hydrolyzes the linkage between a 
ISaZZHT'J? *S e T. ainin9 9, yf° Syl m ° iety in a norwiudng s^charide having a Si 
struch^re as an end unit and having a degree of glucose polymerization of 3 or higher. The molecular 
J7E 2 R nn enZy T; S a h b ° Ut 5? 'T t0 68 '°°° daltons on S °S-PAGE, and the isoelectric poln™ atou 
»,i , ,soelectro P ho ' 1 es 's- The enzyme is useful in an industrial-scale preparation of trehalose 
and the trehalose prepared therewith can be readily incorporated into food products as well as 
cosmetic- and pharmaceutical-compositions. proaucis, as wen as 
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The present invention relates to a trehalose-releasing enzyme, and its preparation and uses, more par- 
ticularly, to a novel trehalose-releasing enzyme which specifically hydrolyzes the linkage between a trehalose 
moiety and the remaining glycosyl moiety in non-reducing saccharides having a trehalose structure as an end 
unit and having a glucose polymerization degree of 3 or higher, and to the preparation of the enzyme. The pres- 
ent invention further relates to microorganisms capable of forming the enzyme, trehalose obtained by usinq 
the enzyme, and compositions containing the trehalose. 

Trehalose or a. a-trehalose has been known as a non-reducing saccharide consisting of glucose units 
As is descnbed in Advances in Carbohydrate Chemistry, Vol.18, pp.201-225 (1963), published by Academic 
Press, USA, and Applied and Environmental Microbiology, Vol.56, pp.3,21 3-3,2 15 (1990), trehalose widely ex- 
> ists in rn.croorgan.sms, mushrooms, insects, etc., though the content is relatively low. Trehalose is a non-re- 
ducing sacchar.de, so that it neither reacts with substances containing amino groups such as amino acids and 
proteins, induces the amino-carbonyl reaction, nor deteriorates amino acid-containing substances Thus tre- 
halose would be used without a fear of causing an unsatisfactory browning and deterioration. Because of these 
the establishment of the industrial-scale preparation of trehalose has been in great demand 

Conventional preparations of trehalose are, for example, those which are disclosed in Japanese Patent 
m N °' 154,485/75 wherein microorganisms are utilized, and reported in Japanese Patent Laid-Open 

No.21 6,695/83 wherein maltose is converted into trehalose by using maltose- and trehalose-phosphorylases 
in combination. The former, however, is not suitable for the industrial-scale preparation because the content 
of t rehalose present in microorganisms used as a starting material is usually lower than 1 5 w/w % (the wording 
w/w /„ is abbreviated as "%" in the specification, unless otherwise specified), on a dry solid basis (d s b ) 
and the extraction and purification steps are complicated. The latter has the following demerits: Since treha- 
lose is formed via glucose-l-phosphate, the concentration of maltose as a substrate could not be set to a sat- 
isfactorily high-level; (ii) the enzymatic reaction systems of the phosphorylases are reversible reactions and 
their yields of the objective trehalose are relatively low; and (iii) it is substantially difficult to retain their reaction 
systems stably and to continue their enzymatic reactions smoothly. Thus, these conventional preparations 
nave not been actually used as an industrial-scale preparation. 

As regards the preparation of trehalose, it is reported in the column titled "Oligosaccharides" in the chapter 
titled Current Status of Starch Application Development and Related Problems" in "Food Chemicals" No 88 
pp.67-72 (August, 1 992) that 'In spite of a wide applicability of trehalose, the enzymatic preparation via a direct 
sacchande-transfer reaction or a hydrolytic reaction has been reported to be scientifically almost impossible 
in th,s field. Thus, the preparation of trehalose by an enzymatic reaction using starch as a material has ben 
deemed to be scientifically very difficult. 

It is known that partial starch hydrolysates, prepared from a material starch such as liquefied starch dex- 
tnns and maltooligosaccharides, exhibit a reducing power owing to their reducing end groups. The reducing 
power of these reducing partial starch hydrolysates is generally expressed by "Dextrose Equivalent (DE) val- 
ue based on a dry weight. It is known that among reducing partial starch hydrolysates those with a relatively- 
high DE value generally have a relatively-low molecular weight and viscosity, as well as a relatively-high level 
of sweetness and reactivity, and readily react with substances having amino groups such as amino acids and 
proteins to cause an unsatisfactory browning, smell and deterioration of their quality. 

Since the properties of reducing partial starch hydrolysates are varied dependently on their DE values 
the relationship between reducing partial starch hydrolysates and their DE values is significant It has been 
even believed impossible to break away the relationship in this field. 

The present inventors, however, did change this common sense and succeeded to establish a preparation 
of trehalose as disclosed in Japanese Patent Application No.362.131/92 wherein trehalose is directly produced 
from non-reducing partial starch hydrolysates by allowing glucoamylase together with a non-reducing sacchar- 
ide-forming enzyme capable of forming non-reducing saccharides, having a trehalose structure as an end unit 
and havmg a degree of glucose polymerization of 3 or higher, to act on reducing partial starch hydrolysates 
having a degree of glucose polymerization of 3 or higher, prepared from a material starch. Although the prep- 
aration of trehalose yields trehalose from non-reducing partial starch hydrolysates in a yield of about 30% and 
can be feas.ble as an industrial-scale preparation, there still remains some fear of resulting in a high production 
cost in view of the trehalose yield. Therefore, the establishment of a novel preparation of trehalose, which forms 
trehalose from non-reducing partial starch hydrolysates in an increased yield, is in great demand 

The object of the present invention is to provide a novel preparation of trehalose in a relatively-high yield 
from relatively-low cost and stably suppliable starch. » » * 

In order to attain the aforementioned object the present inventors have extensively screened microorgan- 
isms capable of producing a novel enzyme which releases trehalose from non-reducing partial starch hydrol- 
ysates having a trehalose structure as an end unit and having a degree of glucose polymerization of 3 or higher 
As a result we found that a non-reducing saccharide-forming microorganism of the genus Rhizobium, Le Rhi- 
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zobium sp. M-11, isolated from a solid, as disclosed in Japanese Patent Application No.362,1 31/92; and a non- 
reducing saccharide-forming microorganism of the genus Arthrobacter, i.e. Arthrobactersp. Q36, isolated from 
a soil, as disclosed in Japanese Patent Application No.265,416/93, produces a novel trehalose-releasing en- 
zyme. We also found that the novel trehalose-releasing enzyme facilitates a reaction to form trehalose in a 
5 satisfactorily-high yield when used in combination with a non-reducing saccharide-forming enzyme, and that 
trehalose is readily prepared by allowing the novel trehalose-releasing enzyme and a non-reducing saccharide- 
forming enzyme to act on reducing partial starch hydrolysates, and recovering a reaction mixture containing 
a relatively- high purity trehalose. We extensively screened microorganisms which produce such a trehalose- 
releasing enzyme from among known microorganisms. As a result, we fou nd that microorganisms of the genera 
10 Brevibacterium and Micrococcus produce a trehalose-releasing enzyme which forms trehalose from non-re- 
ducing saccharides having a trehalose structure as an end unit and having a degree of glucose polymerization 
of 3 or higher similarly as the trehalose-releasing enzymes derived from microorganisms of the genera Rhi- 
zobium and Arthrobacter, and accomplished this invention. We also established compositions such as food 
products, cosmetics and pharmaceuticals containing the trehalose prepared by the aforesaid preparation, and 
15 accomplished this invention. 

The present invention will now be described in further detail by way of example only, with reference to the 
accompanying drawings, in which: 

FIG.1 shows elution patterns of the present trehalose-releasing enzyme and a non-reducing saccharide- 
forming enzyme eluted from a column packed with a gel of "DEAE-Toyopearl®". 
20 FIG.2 shows the influence of temperature on the activity of the present trehalose-releasing enzyme de- 

rived from a microorganism of the species Rhizobium sp. M-11. 

FIG.3 shows the influence of pH on the activity of the present trehalose-releasing enzyme derived from 
a microorganism of the species Rhizobium sp. M-11. 

FIG.4 shows the influence of temperature on the stability of the present trehalose-releasing enzyme de- 
25 rived from a microorganism of the species Rhizobium sp. M-1 1 . 

FIG.5 shows the influence of pH on the stability of the present trehalose-releasing enzyme derived from 
a microorganism of the species Rhizobium sp. M-11. 

FIG.6 shows the influence of temperature on the activity of the present trehalose-releasing enzyme de- 
rived from a microorganism of the species Arthrobacter sp. Q36. 
30 FIG.7 shows the influence of pH on the activity of the present trehalose-releasing enzyme derived from 

a microorganism of the species Arthrobacter sp. Q36. 

FIG.8 shows the influence of temperature on the stability of the present trehalose-releasing enzyme de- 
rived from a microorganism of the species Arthrobacter sp. Q36. 

FIG.9 shows the influence of pH on the stability of the present trehalose-releasing enzyme derived from 
35 a microorganism of the species Arthrobacter sp. Q36. 

The identification test of a microorganism of the genus Rhizobium, i.e. "Rhizobium sp. M-11 " according to 
the present invention gave the following results. The test was conducted in accordance with the method as 
described in "Biseibutsu-no-Bunrui-to-Doter (Classification and Identification of Microorganisms), edited by 
Takeji Hasegawa, published by Japan Scientific Societies Press, Tokyo, Japan (1985): 

40 

A. Morphology 

Characteristics of cells when incubated at 27°C in nutrient agar 

Usually existing in a rod form of 0.6-0.8x1 .0-1 .5u.m; 
45 Existing single but uncommonly existing in a serially coupled- or a linked-form; 

Exhibiting no polymorphism; 

Possessing motility, asporogenicity and flagellum; 

Non-acid fast 

Gram stain : Negative; 
50 Capsule : Negative; 

Metachromatic granule : Positive; and 

Accumulating poly-0-hydroxy butyrate. 

B. Cultural property 

55 

(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 

Shape : Circular colony having a diameter of about 1.5 mm after 24-hours incubation; 

Rim : Entire; 

3 
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Projection : Plain or hemispherical shape; 

Gloss : Positive; 

Surface : Smooth; 

2??J Creamy and semitransparent colony which forms no pink pigment- 

clTlT^^ ° f C °' 0ny f ° rmed Wh6n inCUbat6d 3t 27 ° C in a 9 ar P |ate with and trypton 

Creamy and semitransparent colony with mucoid- "ypwn 

Sh^ araCter S. tiCS I ° f C0 ' I ° ny formed When incubated at 27 ° C in a 9 ar P'ate with yeast extract and mannitol 
Shape : C.rcular colony having a diameter of about 3 mm after 5-days incubation- 
Color . Creamy and semitransparent colony with mucoid- 

congS^ 8 " 03 ° f CO '° ny formed when incubated at 27 ° c ^rplate with yeast extract, mannitol and 
Exhibiting neither a pale pink nor a substantial absorption of congo red- 

(5) Growing at 27°C in agar plate with yeast extract, mannitol and 2% NaCI- 

(6) Characteristics of colony formed when incubated at 27°C in slant nutrient agar 
Growth : Satisfactory; 

Shape : Thread-like; and 

(7) Not liquefying gelatin when stab-cultured at 27°C in nutrient gelatin. 
C Physiological properties 

(1) Reduction of nitrate : Positive; 

(2) Denitrification reaction : Negative; 

(3) Methyl red test : Negative; 

(4) VP-test : Negative; 

(5) Formation of indole : Negative; 

(6) Formation of hydrogen sulfide : Positive; 

(7) Hydrolysis of starch : Negative; 

(8) Utilization of citric acid : Positive; 

(9) Utilization of inorganic nitrogen source: Utilizing ammonium salts and nitrates- 

(10) Formation of pigment : Non; 

(11) Urease : Positive; 

(12) Oxidase : Negative; 

(13) Catalase : Positive; 

(14) Growth conditions : Growing at a P H in the range of 5.5-9 O and a temperature in the range of 4-35°C- 

(1 5) Oxygen requirements : Aerobic; 9 b C ' 

(16) Utilization of carbon source and acid formation 
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Carbon source 


Utilization 


Acid formation 


D-Glucose 


+ 


+ 


D-Galactose 


+ 


+ 


D-Fructose 


+ 


+ 


L-Arabinose 


+ 


+ 


D-Xylose 




+ 


L-Rhamnose 


+ 


+ 


Maltose 


+ 




Sucrose 


+ 


+ 


Lactose 


+ 


- 


Trehalose 


+ 




Raffinose 


+ 


■ + 


Mannitol 


+ 




Dextrin 






Dulcitol 







(17) Decarboxylase test on amino acid 

Negative against L-lysine, L-arginine and L-ornithine; 

(18) Utilization of amino acid 

30 Utilizing sodium L-glutamate, sodium L-aisparate, L-histidine and L-proline; 

(19) DNase : Negative; 

(20) Formation of 3-ketolactose : Negative; and 

(21) Mol% guanine (G) plus cytosine (C) of DNA ; 61%. 

The bacteriological properties were compared with those of known microorganisms with reference to Ber- 
35 gey's Manual of Systematic Bacteriology, 1st edition (1984). Asa result, it was revealed that the microorganism 
was identif ied as a microorganism of the genus Rhizobium. The microorganism is similar to those of the species 
Rhizobium meliloti, but it is distinguishable from them in that it utilizes maltose, lactose and mannitol but forms 
no acid, and in that it produces both an enzyme, which forms non-reducing saccharides having a trehalose 
structure when allowed to act on reducing partial starch hydrolysates, and a novel trehalose-releasing enzyme 
40 which specifically hydrolyzes the linkage between a trehalose moiety and the remaining glycosyl moiety in a 
non-reducing saccharide to lease the trehalose moiety. No publication has reported such a microorganism hav- 
ing these properties. 

The microorganism had been named "Rhizobium sp. M-11" by the present inventors and deposited on De- 
cember 24, 1992. in Fermentation Research Institute, Agency of Industrial Science and Technology, Ibaraki, 
45 Japan. The deposition of the microorganism was accepted on the same day and has been maintained by the 
institute under the accession number of FERM BP-4130. 

In addition to the above-identified microorganism, other strains of the genus Rhizobium and their mutants 
can be suitably used in the invention as long as they produce the present trehalose-releasing enzyme. 

The identification test of a microorganism of the genus Arthrobacter, i.e. Arthrobacter sp. Q36 according 
50 to the present invention gave the following results. The test was conducted in accordance with the method as 
described in "Biseibutsu-no-Bunrui-to-Dotef (Classification and Identification of Microorganisms), edited by 
Takeji Hasegawa, published by Japan Scientific Societies Press, Tokyo, Japan (1985). The results were as 
follows: 

55 A. Morphology 

(1) Characteristics of cells when incubated at 27 in nutrient agar 
Usually exhibiting a rod form of 0.5-0. 7x0.8-1. 6urn; Existing single; 

5 
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Exhibiting polymorphism; 

Possessing no motility, flagellum and asporogenicity; 
Non-acid fast; 
Gram stain : Positive; 
Capsule : Negative; and 

(2) Characteristics of cells when incubated at 27°C in EYG agar 
Exhibiting a rod-coccus cycle. 

B. Cultural property 

(1) Characteristics of colony formed when incubated at 27°C in nutrient agar plate 

Shape : Circular colony having a diameter of about 2-2.5 mm after 3-days incubation- 

Rim : Entire; 

Projection : Hemispherical shape; 

Gloss : Moist gloss; 

Surface : Smooth; 

Color : Semitransparent and white or pale yellow; 

(2) Characteristics of cells when slant-cultured at 27 °C in nutrient agar plate 
Growth rate : Satisfactory; and 

Shape : Thread-like; 

Shape : Thread-like; and 

(4) Characteristics of cells when stub-cultured at27°C in bouillon and gelatin 
Liquefying bouillon and gelatin. 

C. Physiological properties 

(1) Reduction of nitrate : Positive; 

(2) Denitrification reaction : Negative; 

(3) Methyl red test : Negative; 

(4) VP-test : Positive; 

(5) Formation of indole : Negative; 

(6) Formation of hydrogen sulfide : Positive; 

(7) Hydrolysis of starch : Negative; 

(8) Hydrolysis of cellulose : Negative; 

(9) Utilization of citric acid : Positive; 

(10) Utilization of inorganic nitrogen source 
Utilizing ammonium salts and nitrates; 

(11) Formation of pigment : Negative; 

(12) Urease : Positive; 

(13) Oxidase: Negative; 

(14) Catalase : Positive; 

nn oZfn^ 0 " 8 \ Growin9 u at a P H in the ra "9 e of 5-10 and a temperature in the range of 4-37°C; 

(16) Oxygen requirements . Aerobic; • 

(1 7) Utilization of carbon source and acid formation 
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Carbon source 


Utilization 


Acid formation 


D-Glucose 


+ 




D-Galactose 


+ 




D-Fructose 


+ 




L-Arabinose 


+ 




D-Xylose 


+ 




L-Rhamnose 


+ 




Maltose 


+ 




Sucrose 


+ 




Lactose 


+ 




Raf f inose 


+ 
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Carbon source 


Utilization Acid formation 


Mannitol 


+ 


Dextrin 


+ 


Dulcitol 


+ 



(18) Utilization of amino acid 

Utilizing sodium L-glutamate, sodium L-asparate, L-histidine and L-proline; 
40 (19) DNase : Positive; 

(20) Formation of 3-ketolactose : Negative; 

(21) Major diamino acid of cell wall : Lysine; and 

(22) Mol% guanine (G) plus cytosine (C) of DNA : 63%. 

The bacteriological properties were compared with those of known microorganisms with reference to Ber- 
45 gey's Manual of Systematic Bacteriology, Vol.2 (1 986). As a result, it was revealed that the microorganism was 
identified as a microorganism of the genus Arthrobacter. The microorganism is characteristic in that it produces 
a non-reducing saccharide-forming enzyme to form non-reducing saccharides having a trehalose structure 
when allowed to act on reducing partial starch hydrolysates, and a novel trehalose-releasing enzyme which 
specifically hydrolyzes the linkage between a trehalose moiety and the remaining glycosyl moiety in a non- 
50 reducing saccharide to release the trehalose moiety. No publication has reported such a microorganism having 
these properties. 

The microorganism had been named "Arthrobacter sp. Q36" by the present inventors, and deposited on 
June 3, 1993, in National Institute of Bioscience and Human-Technology Agency of Industrial Science and 
Technology, Ibaraki, Japan. The deposition of the microorganism was accepted on the same day and has been 
55 maintained by the institute under the accession number of FERM BP-4316. 

In addition to the above-mentioned microorganism, other strains of the genus Arthrobacter and their mu- 
tants can be suitably used in the invention as long as they produce the present trehalose-releasing enzyme 
which specifically hydrolyzes the linkage between a trehalose moiety and the remaining glycosyl moiety in 
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«mm? h - er liTT "? mS be US6d the invention as lon 9 as the y Produce the present enzyme For ex 
5 Mother hiZn ° t t heab0Ve/?te0Wu '" S P- M - 11 < FEf ™ BM130,«nd>Wto^"SS?l"£r£: 
t?«2; ° th H e, M h,thert0 known "'^organisms such as those of the species Brevibacterium helvolum (ATCC 
11822) and Micrococcus roseus (ATCC 186) can be favorably used in the invention ( 

ana appropnate y chosen For example, in the case of using partial starch hydrolysates. a prefer ^ e concen 
tmbon ,s usually 20% or lower, more particularly, 5% or lower, d.s.b., in view of the growth ^ 

n 0U nrtT ,Cr0 H r9aniSmS - nitra9e " S ° UrCeS US3b,e the invention are - to«^ CrnCS 
pounds such as ammomum salts and nitrates; and organic nitrogen-containing substances sTh as3 ^>m 
steep hquor. case.n. peptone, yeast extract and beef extract. The inorganic ingredients usab.eTn theTnven«on 
of minor"' , Ca ' C,lJm Sa ' tS ' ma 9 nesium salts - Potassium salts, sodium salts, phosphates and other s a »s 
> lab^useT' ZmC ' ,r0n ' C ° PPer ' m °' ybdenum and cobalt - lf -cessary. amino adds and Z^nstl , b et 
The microorganisms usable in the invention are cultured under aerobic conditions at a temnprat,,™ 
ally, a temperature in the range of 4-40<>C. preferably, a temperature in the ^^^S^^St 
the range of 4-10 preferabiy, a P H in the range of 5-9. The cultivation time suLbly us7d in ihe invention s 

100 hours The concentration of d.ssolved oxygen (DO) in nutrient culture media is not specifically restricted 

the range by controlling the aeration rate, stirring nutrient culture media, supplementing oxygen t aerl 
and mcreasmg the ,nner pressure of fermenters. The cu.ture can be carriedout batchwise^orTn lSS 

tivit v A IJTh C ° mPleti ? n ° f CU ' tUre ° f microor 9anisms. the present enzyme is recovered, inasmuch as the ac- 
t,v,ty of the present enzyme is found in both cel.s and celi-free supernatants. they can be recovered and use^J 
as a crude enzyme. The resultant culture can be used intact as a crude' enzyme ConventionXuTd solfd ^ 

Z ST Ca l b& emP '° yed " the inVenti ° n l ° remove cel,s f ™ th^cJl u^e For ^ 

directly centnfuge the resultant cultures and those to filtrate them with precoat filters o ^TeoaV^e Ln s bv 
membrane titration using plate filters or hollow fibers can be suitably used. Ce t>e f mratesThS 0^ 
can be used mtact as an enzyme solution or they may be concentrated prior to their use The conce 

CeH uL Tst ^Z , USm9 membranes such as P |ate ™» ^d hollow fibers. 9 

, 1 ! e ' r concentrates can be subjected to conventional immobilization methods Ex 

amp.es of conventional methods are conjugation methods using ion-exchangers, and cog ent HnTages and 
absorp ,ons us.ng resins and membranes, as well as inclusion methods using high^molecX we oh, subTtanr 
es. Cells separated from the resultant culture can be used as a crude enz^e without f^^SJ^ 
or may be immobilized prior to their use. For example, the cells are immo^edT^mT t^Vfl ^T 
alginate, and dropping the resultant mixture in calcium chloride soTuti^ 

The resultant granules can be fixed by using polyethy.ene imine or glutaraldehyde. Enzyme prep^ 

12 T r * US6d the inVenti ° n 38 3 enz y me solut ™- CieaV crude enTyrn ^sotuTions co^" 

tamingthepresentenzyme can be obtained by extracting the present enzyme from <*lls Twc^ 

2L? r° n,C, r? haniCal dterUPti ° n USin9 9l3SS beads and alumina - drench-press dferupHo Tetc and 
ject.ng the resultant extracts to centrifugation or membrane filtration "niption. etc.. and sub- 

The crude enzyme solutions thus obtained can be used intact or purified by conventional methods orior 
to their use^For example, a purified enzyme preparation, which exhibits a single band onTectlXrest Z 
be prepared by d,alyzing a crude enzyme preparation, which were prepared by salting oul 2 
cultures w,th ammonium sulfate and concentrating the resultant, and successLy •SS^^SS 
ut.on on anion-exchange column chromatography using "DEAE-Toyopearl®" an anion /Jr^nlr- h^ 1 

The present trehalose-releasing enzyme thus obtained has the following physicochemical properties: 
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(1) Action 

Specifically hydrolyzing the linkage between a trehalose moiety and the remaining glycosyl moiety in a 
non-reducing saccharide having a trehalose structure as an end unit and having a degree of glucose poly- 
merization of 3 or higher; 
5 (2) Molecular weight 

About 57,000-68,000 daltons on sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE); 

(3) Isoelectric point (pi) 

About 3.3-4.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

10 About 35-45°C when incubated at pH 7.0 for 30 min; 

(5) Optimum pH 

About 6.0-7.5 when incubated at 40°C for 30 min; 

(6) Thermal stability 

Stable up to a temperature of about 30-45°C when incubated at pH 7.0 for 60 min; and 

15 (7) pH Stability 

, Stable at a pH of about 5.0-1 0.0 when incubated at 25°C for 1 6 hours. 

The activity of the present trehalose-releasing enzyme is assayed as follows: One ml of an enzyme solution 
is added to 4 ml of 1.25 w/v % maltotriosyltrehalose alias a-maltotetraosyl a-glucoside in 50 mM phosphate 
buffer (pH 7.0), and the mixture solution is incubated at 40°C for 30 min. To the resultant reaction mixture is 

20 added a copper solution for the Somogyi reaction to suspend the enzymatic reaction, followed by the deter- 
mination of the reducing power on the Somogyi-Nelson's method. As a control, an enzyme solution, which were 
preheated at 100°C for 10 min to inactivate the enzyme, is assayed similarly as above. One unit activity of the 
present enzyme is defined as the amount of enzyme which increases the reducing power of that of one u.mole 
of glucose per minute when assayed with the above-mentioned assay. 

25 Any substance can be used as a substrate for the present enzyme as long as it is a non-reducing sacchar- 

ide having a trehalose structure as an end unit and having a degree of glucose polymerization of 3 or higher. 
Examples of such a substrate are glycosyltrehaloses such as glucosyltrehalose, maltosyltrehalose, maltotrio- 
syltrehalose, maltotetraosyltrehalose and maltopentaosyltrehalose which are prepared by allowing a non-re- 
ducing saccharide-forming enzyme to act on maltotriose, maltotetraose, maltopentaose, maltohexaose and 

30 maltoheptaose. In addition to these substrates, relatively-low reducing partial starch hydrolysates, having a 
trehalose structure as an end unit and having a degree of glucose polymerization of 3 or higher, which can be 
prepared by partially hydrolyzing amylaceous substances such as starch, amylopectin and amylose with amy- 
lases or acids can be suitably used in the invention. 

Examples of such amylases which partially hydrolyzing starch are a-amylase, maltopentaose-forming 

35 amylase and maltohexaose-forming amylase as disclosed in Handbook of Amylases and Related Enzymes, 
published by Pergamon Press, Tokyo, Japan (1988). These amylases can be used in combination with de- 
branching enzymes such as pullulanase and isoamylase. 

The concentration of the reducing partial starch hydrolysates used as a substrate in the invention is not 
specifically restricted. The enzymatic reaction according to the present invention proceeds even in a solution 

40 containing 0.1% or 50% of a substrate to form trehalose. Suspensions containing insoluble substrates can be 
used in the invention. The reaction temperature usable in the present enzymatic reaction can be set to a tem- 
perature at which the present enzyme is not inactivated, i.e. a temperature up to about 55°C, preferably, a tem- 
perature in the range of 40-55°C. The reaction pH usable in the present enzymatic reaction is set to a pH in 
the range of 5-1 0, preferably, a pH in the range of about 6-8. The reaction time usable in the present enzymatic 

45 reaction is adequately chosen dependency on the conditions of the enzymatic reaction, and, usually it is in 
the range of about 0.1-100 hours when the present enzyme is used in an amount of about 0.1-100 units/g sub- 
strate, d.s.b. 

As regards the yield of trehalose from material substrates, specifically, in the case of preparing trehalose 
from non-reducing partial starch hydrolysates with a relatively-low DE value, i.e. those with a relatively-high 

50 degree of glucose polymerization, the present preparation of trehalose has the advantage of that it increases 
the yield of trehalose more than that attained by a preparation as disclosed in Japanese Patent Application 
No.362,1 31/92 wherein a non-reducing saccharide-forming enzyme and glucoamylase are used in combina- 
tion. The present preparation, wherein a non-reducing saccharide-forming enzyme and the present trehalose- 
releasing enzyme are used in combination, forms trehalose in a high yield of about 60% or higher, while the 

55 preparation of the Japanese Patent Application forms trehalose only in a yield of about 30%. 

The enzymatic mechanism of the present invention is as follows: A reducing partial starch hydrolysate with 
a relatively-high degree of glucose polymerization is first converted by a non-reducing saccharide-forming en- 
zyme into one mole of a non-reducing saccharide having a trehalose structure as an end unit, then theresultant 
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ana one 2 of h by the P"«nt trehalose-releasing enzyme into one mole of trehalose 

that n th . ! 'I UCm9 Part ' al StarCh h y dro| y sate with a degree of glucose polymerization of owerlSn 
that of the matenal reducing partial starch hydrolysate by 2. In the case of that the newiYfor^ ZZcZJrtZ 

5 nonTed^ lySate H ha r h de9ree ° f 9,UC ° Se ^ eri ~«°" <* 3 or higher it ca ^fu^c^SS^ 
."'I k 3 "" 19 3 trehalosest ™^ as an end unit, and then converted into on mole of ^ 
^eactioi nfth Pa ? f hydr °' ySate by the ^ehalose-releasing enzyme. Accordingly, repea ed Tenzym^ 7c 

in Q Jr!™ PreSe K l PrePa ,f i0n ' 3 non - reduci "9 saccharide-forming enzyme and the present trehalose-releas- 
ng enzyme can be simultaneously allowed to acton non-reducing partial starch hydrolysate ^ h^v^Taearet 
of glucose polymerization of 3 or higher, or these two enzymes can be suc^ssfv^ Swe^ to act on Tn 

m 2Sf P3 vJ StarC K h hydr ° ,ySates in this orter - t° ™re increase the trehalose y, e ?d th resu tent 
s reaction mixture can be further subjected to the action of glucoamylase resultant 

The reaction mixtures thus obtained are in usual manner subjected to filtration and centrif., nation ~_ 
move .nsoluble substances, and the resu.tant solutions are decolored with ISSiJ^^^^ 

° themwrthnn?^' P ° W l ery P / dUCtS readi ' y P rocessed int ° h-pw*y trehalose products by purifying 
them wrth one or more methods, for example, fractionations on ion-exchange column chromatoo^ohJ ^ Lmn 
chromatography using an activated charcoal or a silica gel; separations using orgaTc soZts TcS as aTcohol 
and acetone; and alkaline treatments to decompose and remove the Zu^T^les 

If necessary, the saccharide products containing the trehalose according to the inventtori can bThvdro. 

5 yzec I by a-amylase. p-am y .ase. glucoamy.ase. a-g.ucosidase and/or trehalase, or subbed to a s^han^" 
transfer react.cn by using cyclomaltodextrin glucanotransferase and/or gluco^yltransferase to c^mnhtt 
sweetness and reducing power as well as to reduce their viscosity. FurtheLT the Z^LnT^rl 

ISSSZST^ t0 K 0nvert them int0 sugar a,coho,s * -^^S^T^S 

resultant products glucose can be removed by using aforesaid purification methods such as ion-exchanoT^ 

Z!f£T?° 9raPh ? 1 hi9h treha, ° Se C ° ntent fraCti0ns " The «*<*™s thus^e 0 ; c e r be iadHy 

pu ,f ,ed and concentrated into syrupy products, and, if necessary the syrupy products can be f urt^er concen 

whionTmn?" 6 "^ 3 " 96 ^T" chromatoara P hic techniques usable in the invention include, for example those 
I^SSST o r ° ng " aC cation - excha "9 e res '" as disclosed in Japanese Patent Laid-Open Nos 23 799/2 
and 72,598/83. By using the techniques, concomitant saccharides contained in crude tr^Z^ f . 
be readily removed to obtain high trehalose content products, .n mfe case any oTol ftfZ'T ^ 
and semi-moving methods can be arbitrarily employed * mOVm9 bed 

tall ^ITITZ 6 W™ 5 "* 5 ™ 1 ™ trehalose, an about 65-90% trehalose solution is placed in a crys- 
tal! zer, and gradually cooled wh.le stirring in the presence of 0.1-20% seed crystal at a temperafure of 95°C 
or lower, preferably, a temperature in the range of 10-90°C to obtain a massed ™ntl^ T T 
t^linetrehalose. Conventional methods suchassepara^ 

In the case of separation, massecuites are usually subjected to a basket-tvDe centrifun* m « ona ^ 
dmusc^talNne trehalose fmmthe moth 

ed by spraymg ,t with a small amount of cold water to facilitate the preparation of hydrous ^^^1^1" 

for about 1-20 hours while blowing thereto an about 30-60'C hot air In the case of MnU P ° Wders 
tai.ine saccharides with no or substantially free of h y gros«, P icfty are ^ 
hav,ngamoi S tureccntentofabout10-25 %a nda^sta.^ 

su.Lnm V° m w°? er ° CrySta " iZe SO " dify the Wh0,e COntents into blo <*s. verizin^ 0^™ the re! 
sultant blocks, and drying the resultants. Although anhydrous crystalline trehalose can be 11 T 

hydrous crysta.linetreha.ose to convert itintoanhyd^ 

ha.ose content so.ut.on with a moisture content .ess than 10%. placing the'solufion in a^Zr, keeping 
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the solution in the presence of a seed crystal at a temperature in the range of 50-1 60°C, preferably, a temper- 
ature in the range of 80-140°C under stirring conditions to obtain a massecuite containing anhydrous crystalline 
trehalose, crystallizing it, and pulverizing the resultant anhydrous crystalline trehalose under dryness and rel- 
atively-high temperature conditions by conventional methods such as block pulverization, f luidized-bed gran- 

5 ulation and spray drying. 

The present trehalose thus obtained is stable and substantially free of reducing power, and can be mixed 
and processed with other materials, specifically, amino acids and amino acid-containing substances such as 
oligopeptides and proteins without a fear of causing unsatisfactory browning and smell as well as deterioration 
of the materials. Trehalose per se has a satisfactorily-high quality and sweetness. Since trehalose is readily 

10 hydrolyzed by trehalase into glucose units, it is assimilated, absorbed and utilized by living bodies as a caloric 
source when orally administered. Furthermore, trehalose is not substantially fermented by dental carries-in- 
ducing microorganisms, and this renders it useful as a sweetener substantially free of inducing dental caries. 

The present trehalose can be prepared into agents, for example, nutritional agents for transfusion and 
intubation feeding, which are arbitrarily administrable to living bodies and readily metabolized and utilized by 

75 the living bodies without a fear of causing toxicity and side effects. Thus, these products can be advantageously 
used as an energy-supplementing agent for living bodies. 

Trehalose is a stable sweetener, and, especially crystalline trehalose is arbitrarily used as a sugar coating 
agent for tablets when used in combination with a binder such as puliulan, hydroxyethyl starch or polyvinyl- 
pyrrolidone. In addition, trehalose has properties such as osmotic pressure-controlling ability, filler-imparting 

20 ability, gloss-imparting ability, moisture-retaining ability, viscosity-imparting ability, substantial no ferment- 
ability, ability to prevent retrogradation of gelatinized starch, and ability to prevent crystallization of other sac- 
charides. 

Thus, the present trehalose and saccharide composition containing the same can be arbitrarily used as 
a sweetener, taste-improving agent, quality-improving agent, stabilizer and filler in a variety of compositions 
25 such as food products, cigarettes, tobaccos, feeds, cosmetics and pharmaceuticals. 

The present trehalose and saccharide compositions containing the same can be used intact as a seasoning 
for sweetening. If necessary, they can be used together with adequate amounts of one or more other sweet- 
eners, for example, powdered syrup, glucose, fructose, maltose, sucrose, isomerized sugar, honey, maple su- 
gar, erythritol, sorbitol, maltitol, lactitol, dihydrocharcone, stevioside, a-glycosyl stevioside, rebaudioside, gly- 
30 cyrrhizin, L-aspartyl L-phenylalanine methyl ester, saccharin, glycine and alanine; and/or a filler such as dex- 
trin, starch and lactose. 

The present trehalose and saccharide compositions containing the same in the form of a powder or a crys- 
tal can be used intact, or, if necessary they can be mixed with an excipient, filler, diluent and binder and formed 
into granules, spheres, shot-rods, plates, cubes and tablets, prior to their use. 

35 The present trehalose and saccharide compositions containing the same well harmonize with other ma- 

terials having sour-, acid-, salty-, bitter-, astringent- and delicious-tastes, and have a relatively-high acid tol- 
erance and heat resistance. Thus, they can be favorably used in food products in general as a sweetener, taste- 
improving agent and quality-improving agent. 

The present trehalose and saccharide compositions containing the same can be used in seasonings such 

40 as an amino acid, peptide, soy sauce, powdered soy sauce, "miso", "funmatsu-miso" (a powdered miso), "mor- 
omr (a refined sake), "hishio" (a refined soy sauce), "furikake" (a seasoned fish meal), mayonnaise, dressing, 
vinegar, "sanbai-zu" (a sauce of sugar, soy sauce and vinegar), "funmatsu-sushi-sif (powdered vinegarfor su- 
shi), "chuka-no-moto" (an instant mix for Chinese dish), "tentsuyu" (a sauce for Japanese deep-fat fried food), 
"mentsuyu" (a sauce for Japanese vermicelli), sauce, catsup, "yakiniku-no-tare" (a sauce for Japanese grilled 

45 meat), curry roux, instant stew mix, instant soup mix, "dashi-no-moto" (an instant stock mix), nucleic acid con- 
diments, mixed seasoning, "mirin" (a sweet sake), "shin-mirin" (a synthetic mirin). table sugar and coffee sugar. 

The present trehalose and saccharide compositions containing the same can be also used freely for 
sweetening "wagashr (Japanese cakes) such as "senber (a rice cracker), "arare-mochr (a rice-cake cube), 
"okoshr (a millet-and-rice cake), "mochr (a rice paste), "manjtf (a bun with a bean-jam), "uiro" (a sweet rice 

50 jelly), "an" (a bean jam), "yokan" (a sweet jelly of beans), "mizu-yokan" (a soft adzuki-bean jelly), "kingyoku" 
(a kind of yokan), jelly, pao de Castella and "amedama" (a Japanese toffee); confectioneries such as bun, bis- 
cuit, cracker, cookie, pie, pudding, butter cream, custard cream, cream puff, waffle, sponge cake, doughnut, 
chocolate, chewing gum, caramel and candy; frozen desserts such as ice cream and sherbet; syrups such as 
"kajitsu-no-syrup-zuke" (a preserved fruit) and "korimitsu" (a sugar syrup for shaved ice); pastes such as flour 

55 paste, peanut paste, fruit paste and spread; processed fruits and vegetables such as jam, marmalade, "syrup- 
zuke" (fruit pickles) and "toka" (conserves); pickles and pickled products such as "fukujin-zuke" (red colored 
radish pickles), "bettara-zuke" (a kind of whole fresh radish pickles), "senmai-zuke" (a kind of sliced fresh radish 
pickles) and "rakkyo-zuke" (pickled shallots); premixes for pickles and pickled products such as "takuan-zuke- 
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Experiment 1 

Production of trehalose-relea sing enzyme bv Rhizobium so. M-11 

A liquid nutrient culture medium, consisting of 2.0 w/v % "PINE-DEX #4° a ^rrh nmw, ~, * * 
Chemical Ind Co., Ltd., Kyoto. Japan. 0.5 w/JV. peptone, 0.1 

luauTTT' V ^ % P ° taSSiUm Mrogenphosphate and water.laTaoSsted to P H^ o JSS, mi 
al.quots of the l.qu.d nutrient culture medium were placed in 500-ml Erlenmever flasks «i*H«£^! «™ 
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About 20 L of a fresh preparation of the same liquid nutrient culture medium as used in the above culture 
was placed in a 30-Lfermenter, sterilized, cooled to 27°C, inoculated with one w/v % of the seed culture, and 
incubated for about 72 hours under stirring and aerobic conditions at 27°C and a pH of 6.0-8.0. 

The activities of a non-reducing saccharide-forming enzyme and the present trehalose-releasing enzyme 

5 accumulated in the culture were respectively about 1 .5 units/ml and about 2 units/ml. A portion of the culture 
was separated by centrifugation into cells and a supernatant, and the cells were suspended in 50 mM phos- 
phate buffer (pH 7.0) to give the same volume of the portion, followed by assaying the enzyme activity of the 
cell suspension and the supernatant. The activities of the non-reducing saccharide-forming enzyme and the 
present trehalose-releasing enzyme in the cell suspension were respectively about 0.6 units/ml and about 0.8 

10 units/ml, and the culture supernatant contained about 0.9 units/ml of the non-reducing saccharide-forming en- 
zyme and about 1 .2 units/ml of the present trehalose-releasing enzyme. 

The assay of the non-reducing saccharide-forming enzyme is as follows: One ml of an enzyme solution is 
added to 4 ml of 1.25 w/v % maltopentaose in 50 mM phosphate buffer (pH 7.0), and the mixture solution is 
incubated at 40°C for 10 min and heated at 100°C for 10 min to suspend the enzymatic reaction. The resultant 

15 reaction mixture is precisely diluted with a buffer by 10 times, and the reducing power was determined on the 
Somogyi-Nelson's method. As a control, an enzyme solution, preheated at 100°C for 10 min to inactivate the 
enzyme, is assayed similarly as above. One unit activity of the non-reducing saccharide-forming enzyme is 
defined as the amount of enzyme which eliminates the reducing power of that of one umole of maltopentaose 
per minute when assayed with the above-mentioned assay. 

20 

Experiment 2 
Purification of enzyme 

25 An about 18 L of a culture obtained by the method in Experiment 1 was treated to disrupt cells with "MINI- 

RABO", a supper high-pressure cell disrupting apparatus commercialized by Dainippon Pharmaceutical Co., 
Ltd., Tokyo, Japan. The resultant suspension was centrifuged at 10,000rpm for 30 min to obtain an about 16 
L supernatant. Ammonium sulfate was added to the supernatant and dissolved therein to give a saturation de- 
gree of 0.2, and the resultant solution was allowed to stand at 4°C for one hour, and centrifuged at 10,000rpm 

30 for 30 min to obtain a supernatant. 

Ammonium sulfate was added to the resultant supernatant and dissolved therein to give a saturation de- 
gree of 0.6, and the resultant solution was centrifuged at 10,000rpm for 30 min, followed by recovering a pre- 
cipitate and dissolving it in 10 mM phosphate buffer (pH 7.0). The solution thus obtained was dialyzed against 
a fresh preparation of the same phosphate buffer for 24 hours, and centrifuged at 10,000rpm for 30 min to 

35 remove insoluble substances. Three hundred and sixty ml of the resultant dialyzed solution was divided into 
2 portions which were then separately subjected to column chromatography using a column packed with 300 
ml of "DEAE-Toyopearl®", an ion-exchanger commercialized by Tosoh Corporation, Tokyo, Japan. 

The objective non-reducing saccharide-forming enzyme and trehalose-releasing enzyme were adsorbed 
on the ion-exchanger, and eluted separately from the column with a fresh preparation of the same phosphate 

40 buffer supplemented with salt at different salt concentrations. The elution pattern of the column or the column 
chromatogram was as shown in FIG.1 . The non-reducing saccharide-forming enzyme was eluted from the col- 
umn at a salt concentration of about 0.2 M, while the trehalose-releasing enzyme was eluted from the column 
at a salt concentration of about 0.3 M. The fractions containing either of the objective enzymes were separately 
pooled and purified. 

45 The pooled fractions containing the non-reducing saccharide-forming enzyme were dialyzed against a 

fresh preparation of the same phosphate buffer supplemented with 2 M ammonium sulfate. The dialyzed sol- 
ution was centrifuged at 10,000rpm for 30 min to remove insoluble substances, and the resultant supernatant 
was subjected to hydrophobic column chromatography using a column packed with 300 ml of "Butyl- Toyo- 
pearl® 650", a hydrophobic gel commercialized by Tosoh Corporation, Tokyo, Japan. The enzyme adsorbed 

50 on the gel was eluted from the column with a liner gradient buffer ranging from 2 M to 0 M, followed by recov- 
ering fractions with the enzyme activity. The resultant fractions were subjected to gel filtration chromatography 
using a column packed with 300 ml of "Toyopearl® HW-55", a resin for gel chromatography commercialized 
by Tosoh Corporation, Tokyo, Japan, followed by recovering fractions with the enzyme activity. 

By using the pooled fractions with a trehalose-releasing enzyme activity eluted from the column of "DEAE- 

55 Toyopearl®", the fractions were treated similarly as in the purification steps used in the preparation of the 
non-reducing saccharide-forming enzyme in such a manner that they were dialyzed against a buffer containing 
2 M ammonium sulfate, and successively subjected to hydrophobic column chromatography and gel filtration 
chromatography. 
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Purification 


Total enzyme* Specific Yield 
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cell disruption 
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0.12 
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Dialyzed solution 
after salting out 
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means a non-reducing saccharide-forming 
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Table 2 





Purification 
step 


Total enzyme** Specific Yield 
activity (units) activity (%) 
(units/mg protein) 


10 


Material culture 


37,400 






100 




Supernatant after 
cell disruption 


31,500 




0.17 


84 


15 


Dialyzed solution 
after salting out 


29,200 




0.60 


78 




Eluate from ion- 
exchange column 


25, 400 




5.3 


68 


20 


Eluate from 
hydrophobic column 


18,700 




98.5 


50 




Eluate from gel 
filtration column 


11,600 




240 


31 



Note : The symbol "**" means the present trehalose-releasing 



30 The purified enzyme preparations, obtained as an eluate from gel filtration column in Tables 1 and 2, were 

examined their purity on electrophoresis using 7.5% polyacrylamide gel. As a result, each enzyme preparation 
was observed. as a single protein band, and this meant that it was an electrophoretically-homogeneous prep- 
aration with a relatively-high purity. 

35 Experiment 3 

Property of trehalose-releasing enzyme 

A portion of a purified trehalose-releasing enzyme preparation, obtained by the method in Experiment 2, 

40 was subjected to electrophoresis using a gel containing 10% sodium dodecylsulfate polyacrylamide, and de- 
termined its molecular weight to be about 57,000-68,000 daltons by comparing it with marker proteins com- 
mercialized by Japan Bio-Rad Laboratories, Tokyo, Japan. 

Another portion of the purif ied enzyme preparation was subjected to isoelectrophoresis using polyacry- 
lamide gel containing 2 v/v % "AMPHOLINE", an ampholyte commercialized by Pharmacia LKB Biotechnology 

45 AB, Uppsala, Sweden. The resultant gel was sliced into pieces, followed by measuring their pHs and resulting 
in a pi of the enzyme being about 3.3-4.3. 

Effects of temperature and pH on the activity of the present enzyme were studied in accordance with the 
assay for the enzyme activity. These results were respectively shown in FIG. 2 (effect of temperature) and 
FIG. 3 (effect of pH). The optimum temperature of the enzyme was about 45°C when incubated at pH 7.0 for 

50 30 min, and the optimum pH was about 6.0-7.5 when incubated at 40°C for 30 min. The thermal stability of 
the enzyme was determined by incubating it in 50 mM phosphate buffers (pH 7.0) for 60 min at different tem- 
peratures, cooling the buffers in test tubes with cold water, and determining the remaining enzyme activity in 
each buffer. The pH stability of the enzyme was determined by incubating it in 50 mM phosphate buffers having 
different pHs at 25°C for 16 hours, adjusting the buffers to pH 7, and assaying the remaining enzyme activity 

55 in each buffer. The results of the thermal- and pH-stabilities of the enzyme were respectively shown in FIG.s 
4 and 5. The enzyme was stable up to a temperature of about 40°C and at a pH of about 5-10. 
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syltrehalose in their high-purity preparations were respective.y 98.6%, 99.6%, 98 wTtlT^Ts? 
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The results in Table 3 evidently show that: 

1. Trehalose-releasing enzyme according to the present invention specifically hydrolyzes the linkage be- 
tween a trehalose moiety and a glycosyl moiety in a non-reducing saccharide having a trehalose structure 
as an end unit and having a degree of glucose polymerization of 3 or higher to form trehalose and a non- 

5 reducing saccharide having a degree of glucose polymerization of one or more; and 

2. Maltooligosaccharides are not hydrolyzed by the present trehalose-releasing enzyme. 

From these results, it is confirmed that the trehalose-releasing enzyme according to the present invention 
is a novel enzyme which has a mechanism of specifically hydrolyzing the linkage between a trehalose moiety 
and the remaining glycosyl moiety in a non-reducing saccharide having a trehalose structure as an end unit 
10 and having a degree of glucose polymerization of 3 or higher to release trehalose from the non-reducing sac- 
charide. 

In order to purify trehalose in each reaction mixture, the reaction mixture was subjected to column chro- 
matography using a column packed with "XT-1016 (Na + -form)", an alkaline-metal strong-acid cation exchange 
resin commercialized by Tokyo Organic Chemical Industries, Ltd., Tokyo, Japan, followed by recovering f rac- 

15 tions containing 97% or higher of trehalose. The fractions were pooled and concentrated into an about 65% 
solution, and the concentrate was allowed to stand at 25°C for 2 days to crystallize hydrous crystalline treha- 
lose, followed by separating and drying it in vacuo to obtain a high-purity trehalose preparation with a purity 
of 99% or higher, d.s.b. The yields of trehalose from glucosyltrehalose, maltosyltrehalose, maltotriosyltreha- 
lose, maltotetraosyltrehalose and maltopentaosyltrehalose used as a substrate were respectively 9.5%, 

20 14.9%, 16.0%, 18.5%, and 17.7%, d.s.b. The high-purity trehalose preparations and a commercially available 
trehalose specimen as a standard were studied on their melting point, heat of fusion, specific rotation, infrared 
absorption spectrum, powdery x-ray diffraction pattern, and readiness of hydrolysis by a trehalase specimen 
derived from pig kidney, commercialized by Sigma Chemical Co., St. Louise, USA. As a result, every trehalose 
preparation showed a melting point of 97.0±0.5°C, a heat of fusion of 57.8±1.2 kJ/mole and a specif ic rotation 

25 of +182±1.1°, and these values well corresponded with those of the standard trehalose specimen, while the 
infrared absorption spectra and powdery x-ray diffraction patterns of the trehalose preparations also well cor- 
responded with those of the standard trehalose specimen. Similarly as the standard trehalose specimen, the 
trehalose preparations were decomposed into glucose units. 

As evident from these results, it was confirmed that a non-reducing saccharide, which was formed by al- 

30 lowing the present trehalose-releasing enzyme to act on non-reducing saccharides having a trehalose struc- 
ture as an end unit and having a degree of glucose polymerization of 3 or higher, was trehalose. 

Experiment 5 

35 Preparation of trehalose from non-reducing partial starch hydrolysates 

A suspension containing 5% waxy corn starch was gelatinized by heating, adjusted to pH 4.5, heated to 
50°C, mixed with 4,000 units/g starch, d.s.b., of an isoamylase specimen commercialized by Hayashibara Bio- 
chemical Laboratories Inc., Okayama, Japan, and subjected to an enzymatic reaction for 20 hours. The reaction 
40 mixture was autoclaved at 120°C for 10 min, cooled to 60°C, and subjected to gel filtration column chroma- 
tography using a column packed with 750 ml of "Toyopearl® 50S gel", commercialized by Tosoh Corporation, 
Tokyo, Japan, to obtain reducing partial starch hydrolysates having a degree of glucose polymerization of 35- 
10. 

Either of the reducing partial starch hydrolysates thus obtained or maitotriose having a degree of glucose 
45 polymerization of 3 as a substrate was dissolved in 10 mM phosphate buffer (pH 7.0) into a one % solution 
which was then mixed with 4 units/g substrate, d.s.b., of a purified non-reducing saccharide-forming enzyme 
and a purified trehalose-releasing enzyme prepared by the method in Experiment 2, and subjected to an en- 
zymatic reaction at 40°C for 24 hours. After completion of the enzymatic reaction, a portion of the resultant 
each reaction mixture was desalted and analyzed on HPLC to identify its composition. 
50 The remaining each reaction mixture was heated to 50°C, adjusted to pH 4.5, admixed with 50 units/g sub- 

strate, d.s.b., of a glucoamylase specimen commercialized by Seikagaku-Kogyo Co., Ltd., Tokyo, Japan, and 
subjected to an enzymatic reaction for 24 hours. Similarly as above, a portion of the resultant each reaction 
mixture was desalted and analyzed on HPLC to analyze its composition. The results were as shown in Table 
4. 

55 
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As is shown in Table 4. in the case of using as a substrate maltotriose having a degree of glucose poly- 
merization of 3, the trehalose yield after enzymatic reaction of a non-reducing saccharide-forming enzyme and 
the present trehalose-releasing enzyme was relatively low, i.e. 4.2%, while in the case of using as a substrate 
partial starch hydrolysates having a degree of glucose polymerization of 10-34.1, the trehalose yield was rel- 

5 atively high. i.e. 66.1-80.8%. It was found that the higher the degree of glucose polymerization of material re- 
ducing partial starch hydrolysates, the higher the purity of the resultant trehalose. It was also found that the 
purity of the resultant trehalose can be more increased by allowing glucoamylase to act on a reaction mixture, 
prepared by the hydrolysis of reducing partial starch hydrolysates by the two enzymes, to hydrolyze the con- 
comitant non-reducing saccharides, having a trehalose structure as an end unit and having a degree of glucose 

10 polymerization of 3 or higher, into trehalose and glucose molecules. 

Experiments 
Maillard reaction 

A solution, containing one % of glycine, 10% of a high-purity trehalose preparation with a purity of 99.5%, 
d.s.b., obtained by the method in Experiment 4, and 50 mM phosphate buffer (pH 7.0), was kept at 100°C for 
90 min, followed by cooling the resultant solution, and determining its absorbance at a wave length of 480 nm 
in a 1-cm cell. As a control, glucose and maltose were similarly treated as above, and the resultants were sub- 
20 jected to determination of their absorbances at a wave length of 480 nm. The results were as shown in Table 
5. 



Table 5 



Saccharide preparation 


Coloration degree (480 nm) 


Trehalose (Present invention) 


0.006 


Glucose (Control) 


1.671 


Maltose (Control) 


0.926 



As evident from the results in Table 5, it was revealed that the trehalose preparation according to the pres- 
ent invention only showed a slight coloration induced by the maillard reaction, i.e. the coloration degree was 
merely about 0.4-0.6% of those of glucose and maltose. 
35 The results showed that the present trehalose is substantially free from the maillard reaction. Thus, the 

present trehalose is a saccharide which has a less fear of causing deterioration of amino acids when mixed 
with them. 

Experiment 7 

40 

Utilization test/nwVo 

In accordance with the method as reported by Atsuji et al. in "Rinsho-Eiyo", Vol.41, No.2, pp.200-208 
(1972), 30 g of the high-purity trehalose preparation with a purity of 99.5%, d.s.b., obtained by the method in 

45 Experiment 4 was dissolved in water into 20 w/v % aqueous solution which was then orally administered to 6 
healthy male volunteers, 26-, 27-, 28-, 29-, 30- and 31 -year-old. The volunteers were collected their blood at 
a prescribed time interval, and each collected blood was assayed for its blood sugar- and insulin-levels. As a 
control, glucose was used. As a result, the trehalose preparation showed the same dynamics as in glucose, 
i.e. the blood sugar- and insulin-levels showed their maxima at an about 0.5-1 hour after their administrations. 

50 It was revealed that the trehalose preparation is readily assimilated; absorbed, metabolized and utilized by 
the body as an energy source. 

Experiment 8 

55 Acute toxicity test 

By using mice, the high- purity trehalose preparation with a purity of 99.5%, d.s.b., obtained by the method 
in Experiment 4 was orally administered to the mice for its acute toxicity test. As a result, it was revealed that 

21 
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!tt?A a !^nn P /nrf h rati K° n K S a / e,atiVelH ° W toxic "**~ and no mouse died even when administered with 
was 50 gTkg or higher- 9 ^ ^ ^ "* " ^ ^ ° f *• treha '° Se ™ ar *™ 

5 Experiment 9 

Production of trehalose-releasing enzyme by Arthrobactersp. Q36 

Similarly as in Experiment 1, a seed culture of Arthrobacter sp. Q36 (FERM BP-4316> was culture a 

sacchande-formmg enzyme and the present trehalose-releasing enzyme in the resultant culture were resoec 
hvely about 1.3 units/rn. and about 1.8 unrts/ml. Similarly as in Experiment 1, a cel. suspension and a Xe 

rX nn ' T -h "2 f ™ *' aSS3yed - The former had an * b °* 0.5 units/ml of non 

reducmg sacchande-formmg activity and an about 0.5 units/ml of trehalose-releasing enzyme whileThe latter 



releasing enzyme. 
Experiment 10 
Purification of enzyme 



ch^frt^flm 30 3bOUt 1 8 L ° f 3 CU ; tUre ° btained by the method in Experlmeiit 9. the formed non-reducing sac- 

SS^STT 1 " was p simi,arly as in Experiment 2 - The results in each purif ication ste p 



Table 6 



30 


Purification step 


Enzyme* 
activity 


Specific 
activity 
( unit ) 


Yield 

(%) 

(units/mg protein) 




Culture 


23,700 




100 


35 


Supernatant after 
cell disruption 


22,400 


0.15 


95 



Dialyzed solution 

after salting out 20,200 0.51 

with ammonium sulfate 



50 
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( Continued ) 



5 


Purification step 


Enzyme* 
activity 


Specific 
activity 
( unit ) 


Yield 
(%) 

(units/mg protein) 




Eluate from ion- 
exchange column 


15,100 


6.5 


64 


10 


Eluate from 
hydrophobic column 


8,450 


115 


36 


15 


Eluate from gel 
filtration column 


6, 120 


217 


26 



Note: The symbol "*" means a non-reducing 
saccharide- forming enzyme. 



20 



Table 7 





Purification step 


Enzyme** 
activity 


Specific 
activity 
(unit) 


Yield 
(%) 

(units/mg protein) 


30 


Culture 


32, 500 




100 




Supernatant after 
cell disruption 


30, 100 


0-19 


93 


35 


Dialyzed solution 

after salting out 25,400 

with ammonium sulfate 


0.72 


78 


40 


Eluate from ion- 
exchange column 


22,700 


22.3 


70 




Eluate from 
hydrophobic column 


15,200 


215 


47 


45 


Eluate from gel 
filtration column 


11,600 


497 


36 



Note: The symbol "**" means the present trehalose- 
releasing enzyme. 



Purified enzyme preparations of non-reducing saccharide-forming enzyme and trehalose-releasing en- 
zyme, obtained as the eluates from gel filtration column in Tables 6 and 7, were studied on the purities of the 
enzymes by using electrophoresis similarly as in Experiment 2. As a result, they were respectively observed 
as a single protein band, and this meant that they were relatively-high purity enzyme preparations exhibiting 
an electrophoretically single band. 
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Experiment 11 
Property of enzyme 

5 .ini^ 6 ? trehalose-releasing enzyme preparation obtained by the method in Experiment 10 was deter- 
m ned ,ts molecular we,ght on SDS-PAGE to give about 57,000-67,000 daltons. The pi of the enzyme prepa- 
ration was determined on ^electrophoresis similarly as in Experiment 3 to give a pi of about 3 6-4 6 The 
influences of temperature and P H on the enzyme activity, as well as the thermal stability and pH stability were 

10 b mJ^nH m M t y K a , S ; ,n Expenment 3 ' The resuIts of the inf '^nce of temperature, mfluence of pH, thermarsta! 
10 bility and pH stability were respectively as shown in FIG.s 6, 7, 8 and 9. 

t im .,t S nw de K nt f r e m r,^ e c Se .u F,C l S * ° PtimUm tem P erature of «» enzyme preparation is about 45»C; the op- 
timum pH, about 6.0-7.5; the thermal stability, up to about 45°C; and the P H stability, about 5.0-10.0. 

Experiments 

15 

Preparation of tre halose fr om non-reducing saccharides having a trehalose structure as an end unit and 
having a degree of glucose polymerization of 3 or higheT ' 

20 impn^r in9 6nZyme preparation obtained b y the me »h°d in Experiment 10, trehalose was exper- 

20 -mentallypeparedfromnon^ 

polyrnenzat,on of 3 or higher according to the methods in Experiment 4. As a result, it was revealed fat the 

zobZ ^s P mTi ^ treha ' OSe fn0m n ° n - redUCin9 ™***™** similarly as that derived from Rhi- 

25 Experiment 13 

Produc tion and property of trehalose-releasing enzyme from known microorganisms 

Among hitherto known microorganisms, those of the species Brevibacterium hetvolum (ATCC 11822) and 
so M'crococcus roseus (ATCC 186). which had been confirmed by the present inventors to produce the present 
^TT-T^tT 9 e ?T 6 ' respective| y cultured * a Center at 27°C for 72 hours similarly as in Ex- 
penment 1 . Eighteen L of each resultant culture was subjected to a cell disrupting apparatus and centrif uged 
toobta.nasupernatantwhu* was then successively salted out with ammonium sulfate, dia.yzed. and subjected 

35 £rTh n " eXC ^T ? t0 0btai " 3 Partia " y PUrif iGd en2yme rep™*™, f°«°wed by studying its proper- 
35 t,es. The results along with those of Rhizobium sp. M-11 and Arthrobactersp. Q36 were tabulated in Table 8 



40 



50 



•ISDOCID: <EP 062863QA2 I > 



24 



E-H~ 



e <a 

o U ~ 

e o) o 
-h a o 

■P E w 

acu 

o+j 



> J-l 0)-P 

•nm oh 
+j c c 

O QJ (0 3 

(0 o 
a) 3 x c 

EH Q) E 
>i(U I 3 
N C-l 
CHOO 
U O-H o 



U 0) 
-H O 



O 001 ^ <EP 062B630A2_I_> 



EP 0 628 630 A2 

ino iSSST T t , h ° d inExperiment treha,ose w as experimentally prepared from non-reduc- 

3^2T?.^T! V r IT™ 38 a " 6nd Unit 3nd h3Ving 3 degree of 9 |ucose Polymerization of 

3 or h,gher. As a result, it was revealed that similarly as the trehalose releasing enzyme from Rhizobium sp 
M-11, every enzyme preparation forms trehalose from the non-reducing saccharides 

Experiment 14 

Partial amino acid sequence of trehalose-releasing enzyme 
10 Experiment 14 (1) 

Amino acid sequence containing N-terminal 

15 Exo^mTn^ 1h P !*P aratk>n derived fram ******* sp. M-11, obtained by the method in 

15 Expenment 2. and a port.cn of a purified enzyme preparation derived from Arfnrooacfer sp. Q36, obtained by 

nZZ e £ " Pe T ent 10 ' W6re dia,y2ed a9ainSt diSti " ed water ' and about 8 °W P^^in of each resultant 
ZZ T ^ f 3 SamP ' e f ° r determination of thei ' a mino acid sequences containing their N-ter- 
nf Anni h P. 3 " 11 "? f eauences were an alyzed on "PROTEIN SEQUENCER MODEL 473A", an apparatus 

20 PartS aminn 3 ^ S ' ' ?"* *° reVea ' 10 amin ° add residues from ^ N-terminals 

20 Partial amino acid sequences conta.n.ng the N-terminals of the enzyme preparations were as shown in Table 



Origin 


Partial amino acid sequence containing N-terminal 


Rhizobium sp. M-11 (FERM BP-4130) 


alanine-lysine-proline-valine-glutamine-glycine-alanine- 
glycine-arginine-phenylalanine 


Arthrobactersp. Q36 (FERM BP-4316) 


threonine-proline-threonine-tyrosine-proline-arginine- 
glutamic acid-arginine-alanine-lysine 



sp M iHs alrli^h 'f , h K ea ' ed that N " termina ' ° f the enZyme P re P ara «°n Tom Rhizobium 
sp. M-11 s alanine which is followed by an amino acid sequence of lysine-proline-valine-glutamine-glycine- 
a.anine-g,yc l ne-arg I n I ne-phen^a. a nine. .n the case of the enzyme preparation from ArthJacter sp. Q36 the 
N-termma ,s threonine wh.ch is followed by an amino acid sequence of proline-threonine-tyrosine-proline-ar- 
gimne-glutamic acid-arginine-alanine-lysine. l*wir» ar 

Experiment 14 (2) 

Internal partial amino acid sequence 

A portion of a purified enzyme preparation derived from Rhizobium sp. M-11 . obtained by the method in 
Expenment 2, and a portion of a purified enzyme preparation derived Iron Arthrobactersp. Q36 obTa ned by 
the method in Expenment 10, were dialyzed against 10 mM Tris-HCI buffer (pH 9.0). and L resultants were 

T To S oZ Z I " [ reSh PreParati ° n ° f S3me bUffer 10 9ive a '-^ration <* aboutle mg/mf 

Tooneml aliquot of the resultant each solution wasadded lO^gTYSYLENDOPEPTIDASE". aproductofWaTo 
Pure Chemical Industnes. Ltd., Tokyo, Japan, and allowed to react at 30»C for 22 hours to form peptides which 
were then separated on reverse phase high-performance liquid chromatography (reverse phase HPLC) The 
apparatus and cond.hons used to separate the peptides of the enzyme preparation from Rhizobium s^M-ll 
To^olZ^L ci > rV^? ELL PAK C18 C ° IUmn " 3 diamete -^.6 mm and a length of 250 mm 
a Sin «™ «n ' j Japan: a flow rate ' 0 6 a temperature, an ambient temperature 

an eluhon time, 60 mm; and a gradient, a liner gradient of a solution containing 0.1 v/v % trifluoro acetate and 
aceton.tnle rangmg from 16-48 v/v %. The apparatus and conditions used to separate the peptides of the en 
zyme preparation from Arthrobactersp. Q36 in the reverse phase HPLC we re "p- BON DA PAK C 1 8 cdu mn " 
C 7 n3 u ?;T!Z? 2 i and 3 ,en9th ° f 150 mm ' 3 product of Waters Chromatography ^Div.. M.LL,PO RE 
aZ'al* I ?* 3 1 1O ? rate ',°- 9 m ' /min: 8 tem P erature - an a ^bient temperature; an elution time 60 min 
and a gradient, a liner gradient of a solution containing 0.1 v/v % trifluoro acetate and acetonitri.e rang ngfmm 
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30-55 v/v %. The peptides elutedfrom the columns were detected by monitoring an absorbency ata wavelength 
of 210 nm. From the enzyme preparation of Rhizobium sp. M-11 three peptides named as RT41, RT46 and 
RT54 having respective retention times of about 41, 46 and 54 were separated from other concomitant pep- 
tides, and from the enzyme preparation oi Arthrobacter sp. Q36 three peptides named as AT7, AT30 and AT48 
5 having respective retention times of about 7, 30 and 48 were separated from other concomitant peptides, fol- 
lowed by drying the separated peptides in vacuo and dissolving the resultants in 200 ul solutions having dif- 
ferent concentrations of 0.1-50 v/v % acetonitrile. Each peptide specimen thus obtained was analyzed on a 
protein sequencer for its amino acid sequence up to 10 amino acid residues. The analyzed internal partial ami- 
no acid sequences were as shown in Table 10. 



10 

Table 10 





Origin 


Peptide 


Internal partial amino acid sequence 


15 




RT41 


histidine-glycine-glutamicacid-glycine-asparagine- 
threonine-tryptophane-glycine-aspartic acid- 
serine 


20 


Rhizobium sp. M-11 (PERM BP-4130) 


RT46 


aspartic acid-glutamic acid-arginine-alanine- 
valine-histidine-isoleucine-leucine-glutamic acid- 
glutamic acid 






RT54 


leucine-asparticacid-tryptophane-alanine-glutamic 
acid-alanine-serine-alanine-glycine-aspartic acid 


25 




AT30 


glutamine-glycine-glutamicacid-glycine-asparagine- 
threonine-tryptophane-glycine-asparticacid-serine 




Arthrobacter sp. Q36 (FERM BP-4316) 


AT48 


aspartic acid-glutamic acid-arginine-alanine- 
valine-histidine-isoleucine-leucine-glutamic acid- 
aspartic acid 


30 




AT7 


leucine-aspartic acid-tryptophane-alanine-glutamic 
acid-alanine-alanine-glutamic acid-glycine- 
aspartic acid 



35 As evident from Table 1 0, 9 of 1 0 amino acid residues in the internal partial amino acid sequence of peptide 

RT41 of the enzyme derived from Rhizobium sp. M-11 coincided with those of peptide AT30 of the enzyme 
derived from Arthrobacter sp. Q36, while those of peptide RT46 coincided with those of peptide AT48 with re- 
spect to their 9 of 1 0 amino acid residues. In the case of peptides RT54 and AT7, they were identical with respect 
to their 8 of 10 amino acid residues. Accordingly, it is judged that the enzyme derived from microorganisms of 

40 the genus Rhizobium and that derived from microorganisms of the genus Arthrobacter have a relatively-high 
homology with respect to their internal partial amino acid sequences which can be expressed by leucine-as- 
paragine-tryptophane-alanine-glutamic acid-alanine-Xi-Xrgiycine-aspartic acid (where "X/ means "serine" 
or "alanine", and "X 2 " means "alanine" or "glutamic acid"); aspartic acid-glutamic acid-arginine-alanine- 
valinehistidine-isoleucine-leucine-glutamic acid-X 3 (where "X 3 " means "glutamic acid" or "aspartic acid"); and 

45 X*-glycine-glutamic acid-glycine-asparagine-threonine-tryptophane-glycine-asparagine-serine (where "X/ 
means "histidine" or "glutamine"). 

The following Examples A illustrate the preparation of the present trehalose-releasing enzyme, trehalose 
prepared therewith, and saccharide compositions containing the trehalose; and Examples B illustrate compo- 
sitions containing one or more of these trehalose and saccharide compositions: 

50 

Example A- 1 

A seed culture of Rhizobium sp. M-11 (FERM BP-4130) was inoculated in a nutrient culture medium and 
incubated by a fermenter for about 80 hours in accordance with the method in Experiment 1. After completion 
55 of the incubation, the resultant culture was filtered to remove cells with an SF-membrane to obtain an about 
18 L filtrate, followed by concentrating the filtrate with a UF-membrane into an about one L enzyme solution 
containing 17.2 units/ml of a non-reducing saccharide-forming enzyme and 20.8 units/ml of the present tre- 
halose-releasing enzyme. 

27 
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0 1o/ d s b ZZT ° ST f d S - b - Ca ' CiUm Carb ° nate to 9 ive a final concentration of 

0 1 A ds.b and the resultant solut,on was adjusted to pH 6.0. mixed with 0.2% by weight of TERM AM YL 

to an' Z T Cm l n ~ mmercialized °y Nov ° '"dustri A/S. Copenhagen, Denmark, and subjected 

to an enzymatic reaction at 95»C for 15 min. The reaction mixture was autoclaved at a pressure of 2 kg/cn* 
for 30 mm, cooled to 45°C, admixed with 1,000 units/g starch, d.s.b., of "PULLULANASE (EC 3 2 1 4i? Z 



rZ^VtH ° f t ^ S °' Uti0n * SUbj6Cted to ™*^'^™to7a7^ 
reacfon m,xture thus obtained was kept at 95°C for 10 min, cooled and filtered, and the resultant filtrate was 

o 0*7172" H H COl ° red *f h , an CharCOa '' desalted and purified with ion-exchangers and 

0 OH-form, followed by concentrat.ng the resultant solution to obtain a 60% syrup in a yield of about 92% d s b 

™« nr » ?o"I a : nS 7 °- 2% treha ' OSe> 2A% tf^tiahalose. 3.3% ma.tosyltrehalose, 0.7% giu 
Zo^^TT ;? % malt ° tri0Se and °' 4% ° f maltotetraose a " d higher oligosaccharides, d.s.b . has 
l££T ? • ^ K SW o eetneSS and 3 re,ative| y-«ow reducing power, as well as an appropriate viscosity 

1 macTt S 9 f BeCaUSe ° f th6Se itCa " bearbitrari, y in food products, cosmetics andX- 
d P 2 3 6ner ' taSte - impr ° ving a 9 ent ' quality-improving agent, stabilizer, diluent, filler and ex- 

Example A-2 

A saccharide solution as a feed solution, obtained by the method in Example A-1 , was fractionated by usina 

as foZ th C0mmerCia " 2ed b * Tok y° ° r 9 a " ic C *™™ 'ndustries Ltd., Tokyo, Japan. The procedures 

and . reSm P3 f 6d 4 " jaCketed Stain ' eSS Stee ' C ° ,Umns havi "9 an inner dimeter of 5.4 cm 
the columns were cascaded in series to give a total gel-bed depth of 20 m. The co.umns were heatedto 
g*e the inner column temperature of 55'C and fed with 5 v/v % of the saccharide solution against the res n 

zz:t* 1 > temp :t ure ' and fed with 55 ° c hot water to fracti ° nate ^ -«*-«• ° and z 

Z r?h? T r k* , 38 ma,t ° Se ma,totriose . ^we" by recovering trehalose-rich frac" 
I h nhT h T . ° bta ' ned W6re POO ' edl PUrif iedl dnad /n vacuo and pulverized to obtain 

a high trehalose content powder in a yield of about 56%, d.s.b 

sw Jtn 6 C ° nte H f treha ' 0S f ? Pr0dUCt iS 3bOUt 97 *' dlS - b - and tne P roduct nas a mild and high-quality 
sweetness and, because of these it is arbitrarily used in food products, cosmetics and pharmaceuticals as a 
sweetener, taste-mproving agent, quality-improving agent, stabilizer, excipient and filler. 3 

Example A-3 

A high trehalose content fraction obtained by the method in Example A-2 was in usual manner decolored 
with anact^ed charcoa. desaUed with an ion-exchanger, and concentrated .^^.bo^STZSSS 
ZVu^ ' ?h Z 8 ^ yStalll2er ' admixed about 2% "V*™* crystalline treha.ose as a seed crysta. and 
graduaMy coo.ed to obtain a massecuite with a crysta.linity of about 45%. The massecuite was sprayed from 
a nozzle equipped at the top of a drying tower at a high pressure of 1 50 kg/cm*. In the spraying step the ma" 
secuite was simu.taneously venti.ated with 85°C hot air being sent from the top of the drying tower and the 
result crystalime powder was collected on a metal wire netting conveyer provided on thTbas^ent of tte 
drymg tower, and gradually moved out of the drying tower while a stream of 45°C air was passing upwards 
through the metal wire netting. The resultant crystalline powder was injected in an ageing towerTnd aqedS 
0 hours to complete the crysta.lization and drying, followed by recove'ring a powdery hjdrous crysfa ine t Z 
halose ,n a y.eld of about 90% against the material high trehalose content fraction d Is b CrySta " me tre " 
loJlZTn*^^ n ° n -^ TOSCO ^ and ha " d 'os easily, and these render i't arbitrarily useful in 
^^^^^^~ S 35 3 S ~' — ing agen. quality-Lproving 

Example A-4 

A high trehalose content fraction obtained by the method in Example A-2 was purified similarly as in Ex 

c^in^ °h f % \ ™ e ,I eSlJ,tant ^ <"» P |aced a crystallizer. admixed with one % anhyZut 

J^TZlT ^TT dry Wei9ht ° f the SyTUP ' and a * 120°C for 5 min under stirring con! 

oo ain a blocL P ' aCed 3 a ' UminUm P ' ain and aged at 100 ° C for 6 ^ To 
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The resultant block was pulverized by a cutter and dried by a fluidized-bed drying to obtain a powdery 
anhydrous crystalline trehalose with a moisture content of about 0.3% in a yield of about 85% against the ma- 
terial high trehalose content fraction, d.s.b. The product can be arbitrarily used as a desiccant in food products, 
cosmetics, pharmaceuticals, and their materials and intermediates, and also can be used as a white powdery 
5 sweetener in a variety of compositions such as food products, cosmetics and pharmaceuticals. 

Example A-5 

In accordance with the method in Example A-1 , a seed culture of a mutant of Rhizobium sp. M-1 1 (FERM 
w BP-41 30) was inoculated in a nutrient culture medium and incubated by a fermenter for about 70 hours. After 
completion of the incubation, the resultant cells were membrane filtered with an SF-membrane to recover an 
about 1 00 Lf iltrate which was then concentrated with a UF-membrane to obtain an about 5 L enzyme solution 
containing about 410 units/ml of a non-reducing saccharide-forming enzyme and about 490 units/ml of a tre- 
halose-releasing enzyme. 

15 Six % suspension of potato starch was gelatinized by heating, adjusted to pH 4.5, heated to 50°C, admixed 

with 500 units/g starch, d.s.b., of an isoamylase specimen commercialized by Hayashibara Biochemical Lab- 
oratories, Inc., Okayama, Japan, and subjected to an enzymatic reaction for 20 hours. The reaction mixture 
was adjusted to pH 6.5, autoclaved at 120°C for 1 0 min, cooled to 95°C, admixed with 0.1 % per g starch, d.s.b., 
of "TERM AM YL 60L", an a-amylase specimen commercialized by Novo Industri A/S Copenhagen Denmark, 

20 and subjected to an enzymatic reaction for 15 min. The reaction mixture was autoclaved at 130°C for 30 min, 
cooled to 45°C, admixed with 0.01 ml per g starch, d.s.b., of the above-mentioned enzyme solution, and sub- 
jected to an enzymatic reaction for 64 hours. The resultant reaction mixture was kept at 95°C for 10 min, cooled 
to 50°C, adjusted to pH 5.0, admixed with 10 units/g starch, d.s.b., of "GLUCOZYME", a glucoamylase speci- 
men commercialized by Nagase Biochemicals, Ltd., Kyoto, Japan, subjected to an enzymatic reaction for 40 

25 hours, and heated to inactivate the remaining enzyme. The solution thus obtained was in usual manner decol- 
ored with an activated charcoal, desalted with an ion-exchanger and concentrated into an about 60% solution 
containing 80.5% trehalose, d.s.b. The solution was concentrated into an about 84% solution which was then 
placed in a crystallizer and admixed with an about 2% hydrous crystalline trehalose as a seed crystal against 
the dry weight of the solution to crystallize trehalose under stirring conditions. The resultant was placed in a 

30 plain plastic- vessel and allowed to stand at an ambient temperature for 3 days to form a block which was then 
pulverized by a cutter to obtain a powdery hydrous crystalline trehalose in a yield of about 90% against the 
material starch, d.s.b. 

The product is substantially non-hygroscopic and handles easily, and these render it arbitrarily useful in 
a variety of compositions such as food products, cosmetics and pharmaceuticals as a sweetener, taste- 
35 improving agent, quality-improving agent, stabilizer, excipientand filler. 

Example A-6 

A seed culture of a microorganism of Art hrobactersp. Q36 (FERM BP-4316) was inoculated in a nutrient 

40 culture medium and cultured with a fermenter for about 72 hours in accordance with the method in Experiment 
9. The resultant culture was centrif uged at 1 O.OOOrpm for 30 min to remove cells, and the resultant supernatant 
was concentrated with a UF-membrane to obtain one L of an enzyme solution containing 16.3 units/ml of a 
non-reducing saccharide-forming enzyme and 25.1 units/ml of the present trehalose-releasing enzyme. 
One part by weight of potato starch was mixed with 6 parts by weight of water and 0.01 part by weight of 

45 "NEO-SPITASE", an a-amylase specimen commercialized by Nagase Biochemicals Ltd., Kyoto, Japan, and 
the resultant mixture was mixed by stirring, adjusted to pH 6.2 and heated to 85-90°C to gelatinize and liquefy 
the starch. The resultant liquefied starch was autoclaved at 120°C for 10 min to inactivate the remaining en- 
zyme, cooled to 45°C, admixed with 500 units/g starch of an isoamylase specimen commercialized by Haya- 
shibara Biochemical Laboratories, Inc., Okayama, Japan, and 0.2 ml/g starch of the above enzyme solution, 

50 and subjected to an enzymatic reaction for 48 hours. After completion of the reaction, the reaction mixture was 
heated at 95°C for 10 min to inactivate the remaining enzyme, adjusted to 50°C and pH 5.0, admixed with 10 
units/g starch "GLUCOZYME", a glucoamylase specimen commercialized by Nagase Biochemicals Ltd., Kyo- 
to, Japan, subjected to an enzymatic reaction for 40 hours, and heated to inactivate the remaining enzyme. 
The reaction mixture thus obtained was in usual manner decolored with an activated charcoal, desalted with 

55 an ion-exchanger, and concentrated into an about 60% solution containing 78.3% trehalose, d.s.b. In accor- 
dance with the method in Example A-2 except for using as the ion-exchanger "CG 6000 (NaMorm)", an alkaline- 
metal strong-acid cation-exchange resin commercialized by Japan Organo Co, Ltd., Tokyo, Japan, the con- 
centrated solution was subjected to an ion-exchange column chromatography to obtain a high trehalose con- 

29 
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75* ^ZT 1 9 u 1 95% treha, ° Se ' d S b " The fraCti0n was «*»ntmtad * 9«v * concentration of 
crvs m unt r st l Cfy ' CTy f " ,2 f d by the addition of about 2 % hydrous crystalline trehalose as a seed 

crystal under st.mng condrt.ons, transferred to a plain plastic-container, allowed to stand and aged at an am- 
bient temperature for 3 days to obtain a b.ock, followed by pulverizing it with a cutter to obtain a powdery h^ 
drous crystalline trehalose in a yield of about 70% against the material starch d s b 

The product which is substantially free from hygroscopicity and handles easily, can be arbitrarily used 

TJmZTrT^Tr P T^ a9ent> ^ a,it y- im P rovin 9 ^ f iNer and diluent in a variety of com- 

positions such as food products, cosmetics and pharmaceuticals. 



Example A-7 



In accordance with the method in Experiment 13, a seed culture of a microorganism of the species Bre 
v lt >actenum helvo,um (ATCC 11822) was inoculated in a nutrient culture medium, and cultured by a fZenter 
for about 72 hours, and the resultant culture was treated with a cel. disrupting apparatus The ^eZtonZ^l 
was centnfuged at lO.OOOrpm for 30 min to remove residues, and the resultant ^Un^JHSSSS 

non iSS ; ane * f0 " 0Wed ^ r6COVery ° f a " ab ° Ut 700 m ' S ° IUtfon *to« *Z STofl 

non-sacchande-form.ng enzyme and about 12 units/ml of a trehalose-releasing enzyme 

o 1»/ A ll'L^T^l T S " SpenSi0n was a dmixed with calcium carbonate to give a final concentration of 
0.1% adjusted It > P H 6.0, admixed with 0.3% TERMAMYL 60L", an a-amylase specimen commercialized by 
Novo Industr. A/S, Copenhagen, Denmark, and subjected to an enzymatic reacL at 95°C fo7 2 0 m n The 
resultant reaction mixture was autoclaved under a pressure of 2 kg/cm* for 30 min, cooled to 40°C Tamils 
wrth 200 un,ts/g starch of an isoamylase specimen commercialized by Hayashibara Sem J LaboratoSef 
Inc Okayama Japan, and 0.2 ml/g starch of the above enzyme solution, and subjected to an enZS 
action for 48 ours The reaction mixture thus obtained was kept at 95°C for 10 min, cold endued to 
obtain a f i.trate which was then in usual manner decolored with an activated charcoal, desalted with ton ex" 
changers in H- and OH-form, and concentrated to obtain a 60% syrup in a yield of about 90%. d s b 
cose KW^f « W 60 ' 1% treha ' ose > 1 4% 9lucosyltrehalose. 1 .5% maltosyltrehalose', 1.0% g.u- 
h^!'n !S 2 % ma 0tnose ' 21 2% "«'totetraose and higher maltooligosaccharides, has a mild and 
Because SZTT" ' V reducin 9 P—and an adequate moisture-retaining abi.ity 

Because of these, .t can be used ,n a variety of compositions such as food products, cosmetics and pharma 
ceut.ca.3 as a sweetener, taste-improving agent, ouality-improving agent, stabilizer, excipient. fiHer and X 



Example A-8 



A h,gh trehalose content solut.on containing about 95% trehalose, obtained by the method in Example A- 
6 was ,n usual manner decolored and desalted. The resu.tant solution was concentrated into an ab^ut 75% 
solut,on which was then transferred to a crystal.izer, admixed with about 2% hydrous crystalling trehalose at 
a seed crysta.. heated to 50»C. gradually cooled to 25°C while stirring, and subjected to a separa ton usfcg a 

a h.gh-punty hydrous crystalhne trehalose with a purity of 99% or higher in a yield of about 50% 



Example B-1 
45 Sweetener 



To one part by weight of a powdery hydrous crystalline trehalose, obtained by the method in Example A- 
5. was homogeneously added 0.01 part by weight of »aG SWEET", an a-glycosy. Lvioside product cZme^- 

T^L/ZT f^T^ 9 TOky0> j3Pan ' 3nd 001 Part ^ weight of -ASPARTAME-. apZct 

of L-aspartyl-L-phenylalan.ne methylester commercialized by Ajinomoto Co.. Ltd.. Tokyo. Japan and the rt 
sultant mocture was fed to a granulator to obtain a granular sweetener. The product has a satisfectorv sweet 

o^ro?^ 

can b^lhi Pr ° d H Ct T 3 Sat , isfaCt0r y stabilit y and does n ^ decompose other sweeteners to be mixed, it 
can be suitably used as a low-caloric sweetener for low-caloric food products for fat persons and diabetics who 
are restricted to a reduced calorie intake. H^ons ana aiaDetics who 

The product substantially does not form acids and insoluble glucans when dental carries-inducina micro- 
orgamsms act on it, and this renders it usef u. for sweetening food products to prevent dentaTcami 
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Example B-2 
Hard candy 

One hundred parts by weight of 55% sucrose solution was mixed while heating with 30 parts by weight 
of a trehalose syrup, obtained by the method in Example A-7, and the resultant solution was concentrated in 
vacuo until the moisture content lowered to below 2%. The concentrated solution was admixed with one part 
by weight of citric acid and adequate amounts of a lemon flavor and a coloring agent, and the resultant mixture 
was in usual manner formed into the desired product. 

The product is a high-quality hard candy having a satisfactory taste and biting property, as well as having 
no fear of causing crystallization of sucrose. 

Example B-3 

15 Chewing gum 

Three parts by weight of a gum base was melted by heating until it softened, and the resultant was mixed 
with 4 parts by weight of sucrose and 3 parts by weight of a hydrous crystalline trehalose powder obtained by 
the method in Example A-3, and further mixed with adequate amounts of a flavor and a coloring agent The 
20 resultant mixture was in usual manner kneaded by a roll, formed and packed to obtain the desired product. 

The product is a chewing gum having a satisfactory texture and taste. 

Example B-4 
25 Sweetened condensed milk 

Three parts by weight of a trehalose syrup obtained by the method in Example A-1 and one part by weight 
of sucrose were dissolved in 1 00 parts by weight of fresh milk, and the resultant solution was sterilized by heat- 
ing with a plate heater, and condensed to give a concentration of 70%, followed by aseptically canning the re- 
30 sultant concentrate into the desired product. 

The product has a mild sweetness and a satisfactory taste, and these render it arbitrarily useful as a sea- 
soning for baby foods, foods for infants, fruit, coffee, cocoa and tea. 

Example B-5 

35 

Lactic acid beverage 

One hundred and seventy-five parts by weight of defatted milk, 1 30 parts by weight of a trehalose syrup 
obtained by the method in Example A-1 , and 50 parts by weight of a high lactosucrose content powder as dis- 
closed in Japanese Patent Laid-Open No.281,795/92 were dissolved in 1,150 parts by weight of water. The 
resultant solution was sterilized at 65°C for 30 min, cooled to 40°C and inoculated with 30 parts by weight of 
lactic acid bacterium as a starter, followed by the incubation at 37°C for 8 hours to obtain the desired product. 

The product is a lactic acid beverage with a satisfactory taste and flavor. Since the product contains oli- 
gosaccharides, it stably retains lactic acid bacteria and promotes the growth of bifid bacteria. 

Example B-6 

Powdered juice 

50 Thirty-three parts' by weight of a powdered orange juice prepared by spray drying was mixed to homoge- 

neity with 50 parts by weight of a high trehalose content powder obtained by the method in Example A-2, 10 
parts by weight of sucrose, 0.65 parts by weight of anhydrous citric acid, 0.1 part by weight of malic acid, 0.1 
part by weight of L-ascorbic acid, 0.1 part by weight of sodium citrate, 0.5 parts by weight of pullulan, and an 
adequate amount of a powdered flavor. The resultant mixture was pulverized and fed to a f luidized-bed gran- 

55 ulator to obtain granules while being sprayed with as a binder a trehalose syrup, obtained by the method in 
Example A-1 , and ventilated with 40°C air. The granules thus obtained were weighed and packed to obtain the 
desired product. 

The product containing 30% orange juice, d.s.b., retained its high quality for a relatively-long period of time 
31 
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without giving an unsatisfactory taste and smell. 
Example B-7 
Custard cream 



One hundred parts by weight of cornstarch, 100 parts byweightof a trehalose syrup obtained by the meth 
od n Example A-7 80 parts by weight of maltose, 20 parts by weight of sucrose, and one part by light of 

W l r ! T t0 hom °9 eneit y- The r ^"'tant mixture was admixed with 280 parts by weight of ego aTd orad 
uallyaddedwith 1,000 parts by weight ofaboi.ing milk. T^nMum^c^Mj^^^SSr 
heating condtoons. and the heating was stopped when the corn starch in the mixture was comple dy Llatt 
-zed to g,ve the whole contents semitransparent, followed by cooling the mixture and addingTereto 1 
quate amount of a vaniila flavor. The resultant mixture was weighed, injected and 

The product has a smooth surface and gloss, as well as a mild taste and sweetness. 
Example 8 

Uino-no-moto (premix of starch paste) 

an n^ ne K r' 9ht ° f fiCe P ° Wder ' 20 partS by wei9ht of corn starcn . 4 ° Parts by weight of sucrose 

80 parts by weight of a powdery hydrous crystalline trehalose obtained by the method in Example la ^ 4 
parts by weight of pullulan were mixed to homogeneity to obtain a uiro-Lmoto. The P roduc7v^as knead^ 
with adequate amounts of matcha (green tea) and water, and the mixture was placed i^a confer an^ 
steamed up for 60 min to obtain a matcha-uiro. container and 

ha, riT^ C \ a h S f;: s ; actor y 9 ,oss and biting property, as well as a satisfactory flavor and taste and 
has a relatively-long shelf-life because the retrogradation of starch is well inhibited. 

Example B-9 
An (beans paste) 

Ten parts by weight of adzuki beans as a material was in usual manner mixed with water and boiled fol 
lowed by removing the astringency. harshness of the beans, and water-soluble impurities to obtei about 21 
parts by weight of -adzuki-tsubu-an*. To the resultant were added 14 parts by weight tfsucros? 5 parts bl 
weight of a trehalose syrup obtained by the method in Example A-1, and 4 parts by we^^ter and the 

past^t^ransTh 8 Tli ^ 3 ^ amOUnt ° f " tad * and 

paste the beans. Thus, the desired product was obtained in a yield of about 35 kg 

The product free from discoloration induced by boiling has a satisfactory taste and flavor and these render 

rr e tia s nd a ~ n for bean - jam buns - buns with bea - am — ~« ^>~«*z 

Example B-10 
Bread 

One hundred parts by weight of wheat powder. 2 parts by weight of yeast. 5 parts by weight of suoar one 
w e ?nh?r 9 3 P ° Wde ; y hydr ° US CrySta " ine trehalOSe 0btained b * the me ^oS in Example A-3 0 1 Iparf by 

miW Ztetesl^'^ ^ haVi " 9 * ^ ^ 38 We " as a satisfactory elasticity 



and mild 
Example B-11 
Ham 



To one thousand parts by weight of sliced ham meat were added and ground to homogeneity 15 parts by 
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weight of salt and 3 parts by weight of potassium nitrate, and the ham meat slices were piled up and allowed 
to stand overnight in a cold-storage room. Thereafter, the resultant slices were first soaked in a salt solution 
consisting of 500 parts by weight of water, 1 00 parts by weight of salt, 3 parts by weight potassium nitrate, 40 
parts by weight of a powder containing non-reducing saccharides prepared by the method in Example A-6, 
and an adequate amount of a peppermint for 7 days in a cold-storage room, then washed with cold water in 
usual manner, tied up, smoked, cooked, cooled and packed to obtain the desired product. 
The product is a high-quality ham having a satisfactory hue, taste and flavor. 

Example B-12 

Powdery peptide 

One part by weight of "HINUTE S", a peptide solution containing 40% edible soy beans commercialized 
by Fuji Oil Co., Ltd., Tokyo, Japan, was mixed with 2 parts by weight of a powder containing a powdery hydrous 
crystalline trehalose prepared by the method in Example A-6, and the resultant mixture was placed in a plastic 
vessel, dried in vacuo at 50°C, and pulverized to obtain a powdery peptide. 

The product having a satisfactory taste and flavor can be arbitrary used as a material for confectioneries 
such as premixes, sherbets and ice creams, as well as baby foods and nutritions for therapy in the form of an 
oral or an intubation feeding. 

Example B-13 

Powdered miso 

To one part by weight of akamiso (a kind of miso) was added 3 parts by weight of a powdery anhydrous 
crystalline trehalose obtained by the method in Example A-4, and the mixture was poured into a metal plate 
having hemisphere wells on its surface and allowed to stand at an ambient temperature overnight to obtain 
miso solids, about 4 g weight each, which were then subjected to a pulverizer to obtain the desired product. 

The product can be arbitrarily used as a seasoning for instant noodles and soups, as well as a miso con- 
fectionery. 

Example B-14 

Powdery egg yolk 

Egg yolks prepared from fresh eggs were sterilized at 60-64°C by a plate heater, and one part by weight 
of the resultant liquid was mixed with 4 parts by weight of a powdery anhydrous crystalline trehalose prepared 
by the method in Example A-4 with respect to one part by weight of the liquid. The resultant mixture was trans- 
ferred to a vessel, allowed to stand overnight to form a block while the anhydrous crystalline trehalose was 
allowing to convert into hydrous crystalline trehalose. The block thus obtained was pulverized by a cutter to 
obtain a powdery egg yolk. 

The product can be arbitrarily used as a material for confectioneries for premixes, sherbets, ice creams 
and emulsif iers, as well as baby foods and nutritions for therapy in the form of an oral or an intubation feeding. 
The product can be also used as a skin refiner and hair restorer. 

Example B-15 

Cosmetic cream 

Two parts by weight of polyoxyethylene glycol monostearate, 5 parts by weight of glyceryl monostearate, 
self-emulsifying, 2 parts by weight of a high trehalose content powder obtained by the method in Example A- 
2, one part by weight of a-glycosyl rutin, one part by weight of liquid petrolatum, 10 parts by weight of glyceryl 
tri-2-ethylhexanoate, and an adequate amount of an antiseptic were in usual manner dissolved by heating. 
The resultant solution was admixed with 2 parts by weight of L-iactic acid, 5 parts by weight of 1,3-butylene 
glycol and 66 parts by weight of refined water, and the resultant mixture was emulsified by a homogenizer 
and admixed with an adequate amount of a flavor under stirring conditions to obtain a cosmetic cream. 

The product having a relatively-high stability can be arbitrarily useful as a high-quality sunscreen, skin- 
refining agent and skin-whitening agent. 

33 
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Example B-16 
Powdery ginseng extract 

Wlint SLhST ^ Wei9ht ° f K 9i " sen 9 extract was mixed with 1 .5 parts by weight of a powdery anhydrous crys- 
talhne trehalose prepared by the method in Example A-4, and the resultant mixture was transferred to a plaTn 
container allowed to stand for 2 days to convert anhydrous crysta.line trehalose into hydrous crystaHin \Z 
seng e x °rlr * ' ^ *" * 3 3nd daSSif ied t0 obtain a P owde "v £ 

T ^productandadequateamountsofpowder y vitamin S B1andB2weresubjectedtoagranulatortoobtain 
a powdery ginseng extract containing vitamins. 

The product thus obtained can be arbitrarily used as a tonic, fatigue-relieving agent and vitality-imoartina 
agent. The product can be also used as a hair restorer. X Imparting 

Example B-17 



Solid pharmaceutical 



n„rfl f * human ' nterfe ™-« Preparation, commercialized by Cosmo Bio, Tokyo. Japan, was in usual mart- 
d !° 3 C ° Umn ° f a " '"^mobilized anti-human interferon-a antibody to adsorb the interferon-a, and a buffer 
contain ng calf serum a bumin as a stabler was fed to the column, followed by removing an excessive amoun 

5 / i fhZ;; h r after> r interferon - a was e,uted from the coiumn ^ * sa. in e coZSS 

Itl J ? tTeha] ° SeCOn ^ nt P° wder ' P re P ared b V method in Example A-2. while the P H of the physS 
logical saline was varying. The resultant e.uate was membrane filtered, and the f i.trate was dehydrated by the 
km °I .f OUt i 0 - fold vo,umes of "EINETOSE®", an anhydrous crystalline maltose powder clmerciafeed 

ZZTXT . ° j i t, ° kayama ' JaPan> f °" OWed 5y PUlV6ri2in9 the reSU,tant d ehydratedTducrand 
abletting the resultant powder by a tabletting machine to obtain tablets containing about 150 units of the natu- 
ral human interferon-a per one tablet, about 200 mg weight u 
anH Th K 6 ! pr ° duCt be oral| y ad rninistered as a sublingual tabletto patientsat a dose of 1-10 tablets/adult/day 
ticul^? T ' T ° T Vira ' diSeaS6S ' a,,er9ySl rheumatism «. d 'abetes and malignant tumors. Mori pa£ 
ticularlv; the product can be suitably used as a therapeutic agent for AIDS and hepatitis, the number of patien ts 

iZZllr diS6aSeS h haS remarkab ' y inCreaSed " The trebalose a " d -liose 

product actas a stabler for the natural human interferon-a. so that the activity is well retained for a relat iveYy 

long period of time even at an ambient temperature. reiatively- 

Example B-18 

Sugar coated tablet 

A crude tablet as a core, 150 mg weight, was coated with a solution consisting of 40 parts by weiqhtof a 
powdery hydrous crystaHine trehalose obtained by the method in Examp.e A-3. 2 parts by weight o^pul Man 
having an average molecular weight of 200.000. 30 parts by weight of water. 25 parts by weight o talc and 3 
T 9 1 m ° XidS UntN t0tal W6i9ht feaChed t0 3b0ut 230 m 9' and ^e resuLnt was further 
n™! m. < T C ° nSiStin9 ° f 65 P3rtS by W6i9ht ° f 3 fresh P^Paration of the same powdery hydls 
waxSoht ' f? bY Wei9ht ° f PU " Ulan ' and 34 Parts ^ weight of water, and glossed ^ a S d 

wax to obta.n a sugar coated tablet having a satisfactory gloss and appearance 

of tile 6 Pr ° dUCt 3 re ' atiVely - high shock to,erance and reta ''ns its high quality for a relathvelv-long period 

Example B-19 

Dentifrice 

A dentifrice was prepared in usual manner by mixing the following ingredients: 
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Calcium monohydrogenphosphate 45.0% 
Pullulan 2.95% 

5 

Sodium lauryl sulfate 1.5% 
10 Glycerine 20.0% 

Polyoxyethylene sorbitan laurate 0.5% 
Antiseptic 0.05% 
Powdery hydrous crystalline 12.0% 
trehalose prepared by the 
method in Example A-3 

20 

Maltitol 5.0% 
Water 13.0% 

25 

The product is satisfactorily used as a dentifrice for infants because it has an adequate sweetness. 

Example B-20 

30 Solid preparation for intubation feeding 

' A composition consisting of the following compositions was prepared: Five hundred parts by weight of a 
powdery hydrous crystalline trehalose prepared by the method in Example A-6, 270 parts by weight of pow- 
dered egg yolk, 209 parts by weight of defatted milk, 4.4 parts by weight of sodium chloride, 1 .8 parts by weight 
35 of potassium chloride, 4 parts by weight of magnesium sulfate, 0.01 part by weight of thiamine, 0.1 part by 
weight of sodium ascorbate, 0.6 parts by weight of vitamin E acetate, and 0.04 parts by weight of nicotinamide. 
Twenty-five g aliquots of the composition were injected into moisture-proof laminated small bags and heat 
sealed to obtain the desired product. 

One bag of the product is dissolved in about 150-300 ml of water into a fluid food, and orally or parenterally 
40 administered to nasal cavity, stomach or intestine by intubation feeding to supplement energy to living bodies. 

Example B-21 

Hyperalimentation 

45 

A high-purity hydrous crystalline trehalose, prepared by the method in Example A-8, was dissolved in water 
into an about 10 w/v % aqueous trehalose solution which was then in usual manner membrane filtered to re- 
move pyrogen, aseptically injected into a plastic bottle, and sealed to obtain the desired product. 

The product, which is a satisfactorily stable hyperalimentation substantially free of change on standing, 
50 is suitable for intravenous- and intraperitoneal-administrations. A 1 0 w/v % solution of the product is isotonic 
to blood, and this means it can supplement energy to living bodies at 2-fold higher concentration than in the 
case of glucose. 

Example B-22 

55 

Hyperalimentation 

A high-purity hydrous crystalline trehalose, prepared by the method in Example A-8, and an amino acid 
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composition consisting of the following components were dissolved by stirring in water to oive resoectivP rnn 

centrafons of 5 w/v % and 30 w/v %, and, similarly as in Example B -10 the 

obtama pyrogen-free solution, followed by injecting it into a p.astic bott.e and sealed 

Components of amino acid composition 





Component 


mg/100 ml 




L-lsoleucine 






L- Leucine 






L-Lysine monohydrochloride 


620 


15 


L-Methionine 


240 




L-Phenyl alanine 


290 




L-Threonine 


180 


20 


L- Tryptophane 


60 




L-Valine 


200 




L-Arginine hydrochloride 


270 


25 


L-Histidine monohydrochloride 


130 




Glycine j 


340 



Although the product is a multiple hyperalimentation containing trehalose and amino acids it fe ^ 
- Sto^ 

to nig bodLs 9 " ProdUCt ^ ^ arbrtrari ' y US6d 10 SUPP,6ment ene ^ as — - -ino Ss 
Example B-23 
35 Ointment for treating trauma 

2 J^nn" nd ^ ed K PartS wei 9 ht of a hi 9h trehalose content powder, prepared by the method in Example A- 
2, and 300 parts by weight of maltose were admixed with 50 parts by weight of methanol solut L ™? 
m 3P a rt Sb ywei g htofiodine.andthere SU ,tantso.utionwasm^^ 

The ,od>ne contained .n the product exerts a bactericidal activity, and the trehalose in the product acts as 

of 3 or h.gher. and forms treha.ose in a relatively-high yield when allowed to act on reducinrpa^ta^ T 
drolysates together with a non-reducing saccharide-forming enzyme. The trehalose thus obtained 0!^^" 

asST ^ d h ^ rified ' reSU,tant PUrmed treh3lOSe and ^22^2^^ hat 

50 aru^ *Tk vas we " as a relatively-high quality and mild sweetness. It is readily assimilated absorbed 

fusion^ 

!' T ehalOSe per 36 and safari** compositions containing the same can be arbitrarily used aTa 
SSS^Si , ST nB H ,,8 ,• nt ■ qUality - improvin 9 -0-nt. stabilizer, excipient and filler in a variety" co" 
positions such as food products, cosmetics and pharmaceuticals 
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especially, food-, cosmetic- and pharmaceutical-industries, as well as forestry, fisheries, and agricultural-, 
livestock- and chemical-industries. Thus, the influence of the present invention on the fields is unfathomably 
great. 

While there has been described what is at present considered to be the preferred embodiments of the in- 
vention, it will be understood the various modifications may be made therein, and it is intended to cover in the 
appended claims all such modifications as fall within the true spirits and scope of the invention. 



Claims 

10 

1. A trehalose-releasing enzyme which specifically hydrolyzes the linkage between a trehalose moiety and 
the remaining glycosyl moiety in a non-reducing saccharide having a trehalose structure as an end unit 
and having a degree of glucose polymerization of 3 or higher. 

, 5 2. An enzyme according to claim 1 , wherein said glycosyl moiety consists of one or more glucose residues. 

3. An enzyme according to claim 1 or claim 2, which has the following physicochemical properties: 

(1) Action 

Specifically hydrolyzing the linkage between a trehalose moiety and the remaining glycosyl moiety in 
a non-reducing saccharide having a trehalose structure as an end unit and having a degree of glucose 
polymerization of 3 or higher; 

(2) Molecular weight 

About 57,000 to 68,000 daltons on sodium dodecylsulfate-polyacrylamide gel electrophoresis (SDS- 
PAGE); 

25 (3) Isoelectric point (pi) 

2 About 3.3 to 4.6 on isoelectrophoresis using ampholyte; 

(4) Optimum temperature 

About 35-45°C when incubated at pH 7.0 for 30 min; 

(5) Optimum pH 

30 About 6.0-7.5 when incubated at 40°C for 30 min; 

(6) Thermal stability 

Stable up to a temperature of about 30- 45°C when incubated at pH 7.0 for 60 min; and 

(7) pH Stability 

Stable at a pH of about 5.0-10.0 when incubated at 25°C for 16 hours. 

35 4. An enzyme according to any one of claims 1 to 3, which has one or more partial amino acid sequences 
selected from the group consisting of: 

(1) leucine-aspartic acid-tryptophan-alanine-glutamic acid-alanine-X.,-X2-glycine-aspartic acid (where 
X, means serine or alanine, and X 2 means alanine or glutamic acid); 

(2) aspartic acid-glutamic acid-arginine-alanine-valine-histidine-isoleucine-leucine-glutamic acid-X 3 
40 (where X 3 means glutamic acid or aspartic acid); and 

(3) X4-glycine-glutamic acid-glycine-asparagine-threonine-tryptophan-glycine-aspartic acid-serine 
(where X^ means histidine or glutamine). 

5. An enzyme according to any one of the preceding claims, which is an enzyme derived from a microor- 
45 ganism. 

6. An enzyme according to claim 5, wherein said microorganism is a microorganism selected from the group 
consisting of those of the genera Rhizobium, Arthrobacter, Brevibacterium and Micrococcus. 

so 7. An enzyme according to claim 6, wherein said microorganism of the genus Rhizobium is Rhizobium sp. 
M-11 (FERM BP-4130). 

8. An enzyme according to claim 6, wherein said microorganism of the genus Arthrobacter is Arthrobacter 
sp. Q36 (FERM BP-4316). 

55 9. A process for preparing a trehalose-releasing enzyme according to any one of the preceding claims, said 
process comprising culturing a microorganism capable of producing said enzyme in a nutrient culture me- 
dium to form said enzyme, and recovering the resultant enzyme. 

37 
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1 0. A process for preparing trehalose, comprising: 

TT** ! ° I? °" 3 SOlUti ° n COnl,Wnfl 3 non - redu ^g saccharide having a trehalose 
si nocture as an end un.t and having a degree of glucose polymerization of3 or higher to fonn trehalose 
sa>d enzyme being capable of specifically hydrolyzing the linkage between a trehalose moiety and the 
remaining glycosyl moiety in said non-reducing saccharide; * 

(b) purifying the resultant trehalose; and 

(c) recovering the purified trehalose. 

«^h?^ T° rdin9 10 daim 1 °' Wherein S3id enZyme the Step < a > is used to 9ether with a non-reducing 
o sacchande-forming enzyme capable of forming one or more non-reducing saccharides having a trehalose 

structure as an end unit and having a degree of glucose polymerization of 3 or higher 

12 ' ^m C v f^? C ° r f " 9 ^ Claim , 1 ° ° r daim 11 ' Wher6in Step (a) further °° nta ™ a ^ep of allowing glu- 
coamylase to act on the resultant solution in the step (a). 9 

1 3. A process according to any one of claims 1 0 to 12, wherein the step (b) contains a sten of <»M»rHnn th- 
resultant solution containing trehalose in the step (a) to column chromatograThy usin SS^SE 
with a strong-acid cation-exchange resin to purify the trehalose. 

14 " t£^llT d ' n V? ° f daimS 10 10 13 ' Wherein the ste P W further «nt""n» a step of crys- 

talling trehalose ,n the resultant solution in the step (b) into hydrous- or anhydrous-crystalline trehalose^ 

16. Aprocess according to anyone of claims 10 to 15, wherein said enzyme is as defined in anyone of claims 

17. A process for preparing saccharide composition containing trehalose, comprising- 

(a) al ow.ng an enzyme to act on a solution containing a non-reducing saccharide having a trehalose 

sa.d enzyme being capable of specifically hydrolyzing the linkage between a trehalose moietv and the 
remam.ng glycosyl moiety in said non-reducing saccharide- and * 

(b) recovering the resultant saccharide composition containing trehalose and other saccharide(s). 

18 ' t P ,oh a eS H T 0rdi " 9 10 daim 17 ' Wh6rein S3id enzyme in the ste P < a > is used together with a non-reducinq 
sacchande-forming enzyme capable of forming one or more non-reducing saccharides having e ^trehalose 
structure as an end unit and having a degree of glucose polymerization of 3 or higher 

19. A process according to claim 17 or claim 18, wherein the step (a) further contains a steo of aim™™ 
coamylase to act on the resultant solution in the step (a). P " 9 9 ' U " 

20 ' f al S^ a h T rdin9 i° ?" e ° f daimS 17 t0 19 ' Whefein the ste P < a > further ~ntains a step of crys- 
tallizing trehalose ,n the resultant solution in the step (a) into hydrous- or anhydrous-crystalline treHZll. 

21 ' g.u'c^dte'r 9 t0 ° f daimS 17 10 2 °- Wh6rein S3id 9lyC ° S ^ m ° iet y COnsists "on. or more 

22 ' lToZ^ n 3toS any ° f daimS U l ° 21 ' Wh6rein S8id 6nZyme the St6p < a > is as defined 

23. A process for preparing composition containing trehalose, comprising- 

S to°JTn 9 „ 8 ' n °"- reducin9 1 saocharide-forming enzyme (I) together with a trehalose-releasing enzyme 
( II) to act on a solution containing one ormore reducing partial starch hydrolysates having a LgreeTf 
glucose polymenzat.on of 3 or higher to form trehalose, said enzyme (I) being capable of forrnino a non 
reducing saccharide having a trehalose structure as an end unit and Ling a degree o gZse Z- 
menzat.on of 3 or higher, and said enzyme (I.) being capable of specif ically hydrolyzing the linkage bl 
ween a trehalose moiety and the remaining glycosyl moiety in said non- re duoing^accharide 
b recovering the resultant trehalose together with or without other saccharide(s)- and 
(c) incorporating the trehalose together with or without other saccharide(s) into a material for compo- 
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sition. 

24. A process according to claim 23, which produces a food product. 

25. A process according to claim 23, which produces a cosmetic composition. 

26. A process according to claim 23, which produces a pharmaceutical composition. 

27. A process according to any one of claims 23 to 26, wherein said glycosyl moiety consists of one or more 
glucose residues. 

28. A process according to any one of claims 23 to 27, wherein said enzyme (II) is as defined in any one of 
claims 3 to 8. 

29. A method to lower the degree of glucose polymerization of a reducing partial starch hydrolysate without 
increasing its reducing power, which contains a step of allowing a non-reducing saccharide-forming en- 
zyme (I) together with a trehalose-rel easing enzyme (II) to act on a solution containing one or more re- 
ducing partial starch hydrolysates having a degree of glucose polymerization of 3 or higher, said enzyme 
(I) being capable of forming one or more non-reducing saccharides having a trehalose structure as an 
end unit and having a degree of glucose polymerization of 3 or higher, and said enzyme (II) being capable 
of specifically hydrolyzing the linkage between a trehalose moiety and the remaining glycosyl moiety in 
said non-reducing saccharide. 

30. A method according to claim 29, wherein said glycosyl moiety consists of one or more glucose residues. 

31. A method according to claim 29 or claim 30, wherein said enzyme (II) is as defined in any one of claims 
3 to 8. 
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